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COMPRESSION OF TAP LOCATION INFORMATION FOR TIME DOMAIN
EXPLICIT CHANNEL STATE INFORMATION FEEDBACK IN NEW RADIO

TECHNICAL FIELD

1] This invention relates generally a signaling format between a user equipment and
base station with an effective beamformed channel with low feedback signaling overhead and,
particular, to compressing the combination of beam indices and tap locations’ overhead by
exploiting the common channel support assumption.

BACKGROUND

[2] This section is intended to provide a background or context to the invention
disclosed below. The description herein may include concepts that could be pursued, but are not
necessarily ones that have been previously conceived, implemented, or described. Therefore,
unless otherwise explicitly indicated herein, what is described in this section is not prior art to
the description in this application and is not admitted to be prior art by inclusion in this section.

[3] In FDD (or some TDD systems e.g. without proper calibration), a UE has to send
back the DL channel information to a gNB due to the absence of channel reciprocity. The gNB
uses this information to build the DL precoding matrices. In LTE and NR phase I, the UE sends
back one or more indices called Precoding Matrix Indicator(s) known as PMI, which point to one
or more codeword(s) in a predetermined codebook known at UE and gNB sides. The codebook is
based on DFT precoding.

4] For NR phase II, in order to obtain a more accurate description of the channel at
the gNB, needed for improved MU-MIMO performance and more advanced schemes such as
non-linear precoding, coordinated multi-point transmission (CoMP) or Interference Alignment
(IFA), one proposal is for the UE to send back the channel impulse response (CIR) in the time
domain. Because of the sparseness of the communication signal, many taps don’t have to be
reported which eventually reduces the feedback overhead.

[5] Previous writings that may be useful as background to the current invention, some
of which have been referred to in the text herein, may include the following;:

[6] 3GPP TS 36.211 Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical channels and modulation (Release 13);

(71 3GPP TS 38.211 V1.0.0 (2017-09) Technical Specification Group Radio Access
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Network; NR; Physical channels and modulation (Release 15);

[8] T. Wild. A Rake-Finger Based Efficient Channel State Information Feedback
Compression Scheme for the MIMO OFDM FDD Downlink. In Proc. IEEE Vehicular
Technology Conf., VTC-Spring, pages 1-5, May 2010;

[9] “OFDM channel feedback compression based on a RAKE approach”, T. Wild,
EP2,139,124B1

[10] Marzetta, T., Larsson, E., Yang, H., & Ngo, H. (2016). Fundamentals of Massive
MIMO. Cambridge: Cambridge University Press;

[11] C. Murthy and P. Mishra, "Lossless Compression Using Efficient Encoding of
Bitmasks," 2009 IEEE Computer Society Annual Symposium on VLSI, Tampa, FL, 2009, pp.
163-168;

[12] R. Ahmed, E. Visotsky and T. Wild , “Explicit CSI Feedback Design for 5G New
Radio phase II* submitted to WSA 2018;

[13] RP-172767 “ Motivation for new WI: Enhancements on MIMO for NR ”
RAN#78 Dec 2017; and

[14] RP-172766 “3GPP™ Work Item Description” 3GPP TSG RAN Meeting #78 Dec
2017.

[15] The current invention moves beyond these techniques.

[16] Acronyms or abbreviations that may be found in the specification and/or the

drawing figures are defined within the context of this disclosure or as follows below:

3GPP Third Generation Partnership Project
5G 5th Generation

ACK Acknowledgement

BS Base Station

BW Bandwidth

CIR Channel Impulse Response

COMP Coordinated Multi-Point

CSI Channel State Information

CSI-RS Channel State Information-Reference Signals
CQI Channel Quality Information

DCI Downlink Control Information
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DFT
DL
eMBB
FDD
GoB
gNB
HARQ
IFA

IP

IMT
LLC
LTE
LTE-A
MCS
MBB
MIMO
mMIMO
MME
MSG
MSE
MTC
MU-MIMO
NCE
NR
OFDM
PBCH
PF

PI

PMI
PRB
PUCCH

PCT/CN2018/083114

Discrete Fourier Transform
Downlink

enhanced Mobile Broadband
Frequency Division Duplex

Grid of Beams

base station in NR or NR/5G Node B
Hybrid Automatic Repeat Request
Interference Alignment

Internet Protocol

International Mobile Telecommunications (4/4.5G or 5G)
Low-Latency Constraint

Long Term Evolution

Long Term Evolution — Advanced
Modulation and Coding Scheme
Mobile Broadband

Multiple Input Multiple Output
massive-MIMO

Mobility Management Entity
Message

Mean Square Error

Machine-Type Communications
Multi-user MIMO

Network Control Entity

New Radio

Orthogonal Frequency Division Multiplexing
Physical Broadcast Channel
Proportionally Fair

Preemption Indication.

Precoder Matrix Indicator
Physical Resource Block

Physical Uplink Control Channel
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PUSCH Physical Uplink Shared Channel
RB Resource Block
Rel Release
RE Resource Element
RS Reference Signal
RRC Radio Resource Control
Rx Receive, Reception, or Receiver
SCS Subcarrier Spacing
B Transport Block
TBS Transport Block Size
TS Technical Specification
TRP Transmission reception point
TTI Transmission Time Interval
Tx Transmit, Transmission, or Transmitter
UE User Equipment
UL Uplink
ULA Uniform linear array
BRIEF SUMMARY

[17]  This section is intended to include examples and is not intended to be limiting.
The word “exemplary” as used herein means “serving as an example, instance, or illustration.”
Any embodiment described herein as “exemplary” is not necessarily to be construed as preferred
or advantageous over other embodiments. All of the embodiments described in this Detailed
Description are exemplary embodiments provided to enable persons skilled in the art to make or
use the invention and not to limit the scope of the invention which is defined by the claims.

[18] An example of an embodiment of the current invention is a method that comprises
receiving, by a user equipment, channel state information reference signal; computing channel
support information; deriving, based on the channel state information, N; tap locations of channel
support, depending on the observed channel and used subcarrier spacing, wherein N tap
locations is a subset of all tap locations present; apprising a base station of the N; tap locations of

the channel support; and informing the base station of strongest tap locations, for use in building



10

15

20

25

30

WO 2019/196121 PCT/CN2018/083114

a channel frequency response.

[19] Another example of an embodiment of the current invention is a method that
comprises indicating, by a base station to a user equipment, channel state information reference
signal resources for computing channel state information feedback, where the channel state
information reference signal resources can be for one or multiple transmit receive points;
receiving, by the base station from the user equipment, an indication of N; tap locations and a bit
mask; and building, by the base station, information on tap locations by combining the received
indication and bit mask.

[20] An example of a further embodiment of the current invention is a computer
program product embodied on a non-transitory computer-readable medium in which a computer
program is stored that, when being executed by a computer, is configured to provide instructions
with code to control or carry out: receiving, by a user equipment, channel state information
reference signal; computing channel support information; deriving, based on the channel state
information, N; tap locations of channel support, depending on the observed channel and used
subcarrier spacing, wherein N tap locations is a subset of all tap locations present; apprising a
base station of the N; tap locations of the channel support; and informing the base station of
strongest tap locations, for use in building a channel frequency response.

[21] An example of a still further embodiment of the current invention is a computer
program product embodied on a non-transitory computer-readable medium in which a computer
program is stored that, when being executed by a computer, is configured to provide instructions
with code to control or carry out: indicating, by a base station to a user equipment, channel state
information reference signal resources for computing channel state information feedback, where
the channel state information reference signal resources can be for one or multiple transmit
receive points receiving, by the base station from the user equipment, an indication of N tap
locations and a bit mask; and building, by the base station, information on tap locations by
combining the received indication and bit mask.

[22] An example of another embodiment of the current invention is an apparatus that
comprises means for receiving channel state information reference signal; means for computing
channel support information; means for deriving, based on the channel state information, N; tap
locations of channel support, depending on the observed channel and used subcarrier spacing,

wherein N tap locations is a subset of all tap locations present; means for apprising a base station
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of the N; tap locations of the channel support; and means for informing the base station of
strongest tap locations, for use in building a channel frequency response.

[23] An example of yet another embodiment of the current invention is an apparatus
that comprises means for indicating, to a user equipment, channel state information reference
signal resources for computing channel state information feedback, where the channel state
information reference signal resources can be for one or multiple transmit receive points; means
for receiving, from the user equipment, an indication of N; tap locations and a bit mask; and
means for building information on tap locations by combining the received indication and bit

mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[24]  In the attached Drawing Figures:

[25] FIG. 1 is a diagram of explicit CSI Feedback in FDD;

[26] FIG. 2 is a graph of channel support of one user for one path, with channel tap
magnitude | h | versus channel tap location;

[27] FIG. 3 is a diagram of arrival times in a ULA;

[28] FIG. 4 is a graph of common channel support after channel aggregation, with
channel tap magnitude I h | versus tap index;

[29] FIG. 5 is a logic flow diagram an exemplary method performed by a UE in, a
result of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with exemplary embodiments;

[30] FIG. 6is a logic flow diagram an exemplary method performed by a gNB, a result
of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with exemplary embodiments;

[31] FIG. 7 is a block diagram of an exemplary system in which the exemplary
embodiments may be practice;

[32] FIG. 8 is a a graph of thresholds per power class versus CIRs of relative beams
for one UE, where tap window size per power class can be gleaned.

[33] FIG. 9is alogic flow diagram an exemplary method performed by a UE in, a
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result of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with another configuration of exemplary embodiments;

[34] FIG. 10 is a logic flow diagram an exemplary method performed by a gNB, a
result of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for

performing functions in accordance with another configuration of exemplary embodiments;

DETAILED DESCRIPTION OF THE DRAWINGS

[35] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other embodiments. All of the embodiments
described in this Detailed Description are exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to limit the scope of the invention which is
defined by the claims.

[36] Massive multiple input multiple output (mMIMO) systems are expected to boost
the data throughput and reliability in future 5G systems. In order to enable advanced radio
concepts in New Radio (NR) phase II, such as multiple transmit receive point (multi-TRP)
transmission, accurate channel state information (CSI) knowledge at gNB side is essential.

[37] The explicit feedback of the CIR can also be reported for an effective
beamformed channel. By, for instance, employing a grid-of-becams (GoB) W, precoder, the
dimensions of the channel reduce from M X N, where M is the number of transmit antennas and
N is the number of receive antennas to B X N, where B is the number of transmit beams
employed. A natural consequence from that is having narrower beams with higher gains, and a
sparser CIR in the time domain, due to channel hardening. In addition, the number of reference
signals needed to train the whole system reduces accordingly. The CIR sent back is then of
dimension hejgy, 5. Np? where Ny is the whole time delay range of the CIR (sampled in taps) in
one path. Note that the sparseness of the time domain signal means that B. N. Ny is much higher
than the actual number of significant channel taps across all paths, which we denote here
by Keapss i €. B.N.Np > Kyaps

[38] The time domain channel information can be represented using the time domain
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channel matrix Rygyy,, where ¢, ; is the complex coefficient on the pt" path (out of N. B paths)
and sampled delay # 7, as shown in FIG. 1, which is a diagram of explicit CSI Feedback in FDD.
A path is defined as the channel between transmit antenna (or transmit beam) and a receive
antenna (or a receive beam).

[39] In addition to the tap values, the UE has to feedback the tap locations to the gNB,
namely, which of the taps in the channel matrix hygy,., shown in FIG. 1, is active and which is
assumed to be zero. For users with low mobility, this information doesn’t change quickly and
thus can be sent sporadically on long intervals. For users with high mobility, however, the
locations of the significant tap locations will change more rapidly and thus will need to be
updated frequently.

(1)

€11 C1,Np
hyg XNy =
CNB,1 CNB,NT

[40] Note that for NR Rel. 16 there is a study item proposal for advanced feedback
methods for MIMO enhancements. As one of the Nokia proposals is to include techniques for
time domain based compression of the explicit CSI feedback information as submitted in RAN
plenary #78, the content of our invention is a candidate technology within this study item.

[41] For (massive-)MIMO channel state information at the transmitter, a problem is to
find an efficient signalling of associated time-domain tap delays combined with respective beams,
so that an effective beamformed channel can be described explicitly with low feedback
signalling overhead.

[42] The present invention is a practical explicit CSI feedback scheme, which exploits
time domain channel sparseness. A heuristic greedy algorithm is used to discover the channel
support and feed it back to the gNB. Simulation results, comparing the proposed approach
against recently standardized NR phase I Type II CSI feedback, show an improved performance
for the design and method proposed herein.

[43] Using the system model is shown in FIG. 1, we use a grid-of-beams (GoB)
precoder W; to reduce the dimension of the channel from M transmit antennas to 2L beams,
where L is the number of beams per polarization. By deploying the GoB precoder, the equivalent
channel in the time domain becomes more sparse, due to the effect of channel hardening, hence it
further compresses the amount of significant feedback that needs to be fed back to the gNB.
After W;, comes the free precoder Wy which uses the explicit CSI knowledge to perform
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advanced DL precoding.

[44]  For example, assuming a case where for a set of B beams ks = 40 taps should
be fed back to the gNB and assuming N = 2, B = 8 and Ny = 256. Assuming that the short term
feedback is done every 10ms, with a resolution of 8 bits per channel tap, results in an overhead

£ (Ktaps*8)

oms = 32kbps to feedback the channel taps’ values. In general, some feedback

information needs to be updated more frequently and is sent on short term basis, as such it is
denoted as short term feedback, whereas other feedback information changes more slowly and
thus is sent on long term basis, as such it is denoted as long term feedback. The amplitude and
phase components of the complex CIR would be characterized as short term feedback whereas
the tap location information would be characterized as long term feedback.

[45] In practice, an oversampling factor is used inside the compressive sensing
algorithm to deal with the fact that the channel taps are not aligned to the sampling raster.
Therefore, assuming an oversampling factor 05 = 16, sending the location of one channel tap
requires an overhead of log,(N x B X Ny x 0S5), therefore sending all tap locations require an
additional feedback overhead of ks X log,(N X B X Ny X 0S), which translates to an overhead
of 640 bits per UE per time instant. If it is required to update this information every 50ms for a
fast user, this requires a feedback rate (just for the tap location information) of 12.8kbps. That
means sending the tap locations constitute around 28,5% of the total overhead.

[46] Assuming maximum channel length of 72 samples (CP length in a bandwidth of
10MHz), the overall channel length after oversampling with (OS=16), becomes 1168 samples.

[47] One method used in prior art was to indicate a window to the gNB, indicating the
start and end of the active taps.

[48]  As shown in FIG. 2, in the channel support for one path (transmit-receive beam),
especially with oversampling, the significant channel taps are found to be spread within a range
of 1000 taps locations. Hence, applying a window over this big range requires a large feedback
overhead to indicate the information which of those taps within the window range are active.

[49]  Another solution would be to use a smaller window, for example in the range of
tap locations from 2069 to 2100 in the FIG. 2, and ignore the rest of the CIR taps. This can
reduce the amount of feedback overhead at the expense of reduced feedback accuracy.

[S0] The idea of the invention is to compress the combination of beam indices and tap

locations’ overhead by exploiting the common channel support assumption. The channel support



10

15

20

25

30

WO 2019/196121 PCT/CN2018/083114

is the location of the significant time domain channel taps in a CIR and is therefore related to the
power-delay profile. Co-located transmit/receive antennas or transmit/receive beams formed
from co-located transmit/receive antennas share the same dominant taps, namely, channel
support, when the fast fading is averaged out.

[51] To understand the common channel support assumption, a uniform linear array is
considered, as shown in FIG. 3, which shows arrival times in a ULA. The signal is assumed to
arrive at the 0" antenna element at time t; and at the antenna element M — 1 at time t, (where
with an array of M elements, the first element is at position 0 and the last at position M-1. Alternatively

the first element can be at position 1 and the last element at position M). The difference in the time of

arrival isthent =t; — t, = DSi:(e), where c is the speed of light, D is the maximum antenna

aperture, and O is the angle of incidence as shown in FIG. 3. In order for the antenna element at

M — 1 to see the incoming signal delayed by one sampling time interval T or more, then 7,4, =
2
BW

a o

=
[S2] This is also consistent with the 3GPP channel model, which confirms this

assumption for bandwidth smaller than %.

[S3] For example at carrier frequency f, = 2GHz, and an antenna array of size 32 x 32,

the maximum antenna aperture is D = 31 X %

[S4] The narrow band assumption is valid for bandwidth, where BW < % = 1152:/1 =

129MHz.

[S5] Since our target here is below 6GHz transmission, with bandwidth in the range of
10-20 MHz, this assumption of a common channel support is valid.

[S6] By exploiting this information, that the common channel support assumption is
valid and can be exploited for not so large bandwidths and not so large antenna arrays (i.e. what
is discussed in the previous paragraphs), the location of the tap locations can be sent in two steps.
In the first step, the channel support is conveyed, namely, the active columns of the time domain
channel matrix. This significantly narrows down the possible tap locations. In a second step, a bit
mask which can indicate the locations of the active taps within the already narrowed down set of
possible locations is transmitted. A bit mask is a matrix whose elements can take either the value
of ‘I’ or ‘0’.

[S7] As mentioned above, for transmit/receive beams formed from co-located

10
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transmit/receive antennas, the location of the significant taps is the same for all BXN paths,
where, as described earlier herein, B and N are defined as the number of beams and the number
of receive antennas, where B and N are multiplied here. In FIG. 2, we can see a snapshot of the
CIR of all B.N aggregated paths after W, precoding.

[58] As shown in FIG. 4, the common channel support assumption is still valid after
W, aggregation and so we can exploit this property for signaling overhead reduction. Therefore,
the significant taps of significant, meaning the ones which will be eventually fed back and not
discarded, can be arranged in a time domain channel matrix as

€11 C1.N,
S —
hexn, = (2)
CnB21 CNB,Ng

assuming that the channel support constitutes N locations.

[59] Using this information, the idea is to convey the information of the tap locations
in two steps. Step 1: send the locations of the channel support, namely, locations of N; columns
out of Ny columns in hypyy.., Where this requires an overhead of Ng x log, (Nr x 0S); effectively,
narrowing down the possible locations to those in hf .y, in Equation (2). Note that in the
subscript the notation B.N instead of BxN is used so as not to confuse it by an array of three

dimensions. Step 2: the tap locations of the kg taps within Ay gy, are fed back but unlike the

method explained earlier, because N << N, a bit mask (each entry has a binary value 0 or 1) can
be sent with a size N X B X N;. The total overhead from steps 1 and 2 is
N, % log;(Ny X 0S) + N X B x N 3)

[60] An adequate value of Ng was to be equal to Ny = 10. Using this value in Equation
(3), an overhead of 280 bits is required per UE (assuming the parameters in the discussion of FIG.
2, above), with a feedback periodicity results in a feedback rate of 5,6kbps which is less than half
that required with the baseline method.

[61]  Furthermore, the overhead in Equation (3) is independent of ks, i.€. no extra
penalty on the tap location overhead from increasing the number of taps, unlike the feedback
overhead using the baseline method.

[62]  The current invention, described herein, has exploited tempo-spatial properties for
signalling overhead reduction for tap delays and their corresponding beams by a factor of two.

Note that on top the used bit mask may be further compressed by existing state-of-the-art bit

11
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mask compression techniques

[63] In a first variation of this invention, UEs can be configured with predefined
N; considering several aspects. Different UEs (depending on the UE location), experience
different CIR lengths. Therefore, each UE can feedback to the gNB a recommended value of N;.
For example, UEs which are far from the gNB experience a long CIR and need a higher value of
N;. Depending on the UE category, different UEs have different values of N;. Depending oﬁ the
subcarrier spacing (or the numerology), UEs may have different Ns. To have sufficient channel
state information and provide flexibility of different complexity levels for UE, maximum and/or
minimum values can also be configured to the UE.

[64] In asecond variation of the invention, it may be worth sending at least L strongest
taps per path. The remaining strongest taps can be conveyed via a bit mask. In more details, the
feedback happens as follows in two steps. Note that there is a large number of taps; we pick only
the highest in power (strongest) because they contain most of the energy. The rest can be ignored
because they are small in power. A threshold to determine this distinction between strongest and
ignorable can be heuristically chosen such as, for example, by a relative threshold in dB of the
tap power compared to the strongest tap or, for another example, by a threshold on the MSE of
the resulting channel frequency response after dropping of the insignificant taps. Moreover,
another distinction, in addition to saying they are ’small in power’ can be to say they don’t carry
any information.

[65] In a first step, send the locations of the channel support, namely, locations of Ng
columns out of Ny columns in hygyy,. Locations of the strongest L taps can be also indicated.
This requires an overhead of (N; — L) x log, (N X 0S) + L.B.N X log,(N X B X Ny x 05). In
certain cases, gNB would know strongest L channels per path and feedback of that information
can be removed.

[66] In a second step, the tap locations of the k;qps — L X B X N taps within hf g,y _is
fed back. A bit mask (each entry has a binary value 0 or 1) can be sent of size N X B x (Ny — L).

[67] In this approach, the feedback periodicities of the channel support vector and the
bit mask information can be different, since the information on the channel support vector is
more slowly varying so it need not be updated as frequently. The value for L could be dependent
on the UE category or configured via gNB.

[68] In a third variation, for a multi-TRP case, when there is no full antenna (transmit
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beam) co-location, all the co-located antennas (transmit beams) could operate with the common
channel support assumption, so we still could exploit partial co-locations of antenna subsets. For
example, if the UE is connected to Nrzp base stations, then for each base station the above
procedure of feedback information is implemented.

[69] FIG. 5 is alogic flow diagram an exemplary method performed by a UE, a result
of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with exemplary embodiment.

[70] In step 502, the UE receives the CSI-RS for CSI computation

[71] With that information, in step 504, the UE derives N; tap locations of the channel
support, depending on the observed channel and used subcarrier spacing and informs the
locations of the N; taps of the channel support.

[72] Instep 506, the UE informs the locations of the strongest taps based on one of
two ways. In a first way, the strongest taps may be conveyed via a bit mask. In a second way, the
L strongest taps out of NV; taps of the channel support are used on all paths and the remaining
strongest taps are conveyed via a bit mask.

[73] The BS can use the channel support information, locations of strongest taps, and
amplitude and phase information (channel tap magnitude | h I and ©) to build the channel
frequency response used in DL precoding, scheduling etc. In the time domain, the channel
impulse response consists of complex coefficients. Each coefficient can be represented by a
magnitude and a phase components (channel tap magnitude | h | and O).

[74] Information from steps 504 and 506 above may be transmitted in an independent
or joint fashion, with different periodicities.

[75] Information from steps 504 and 506 above can be considered as long term
feedback. Information comprising amplitude and phase components of feedback channel taps
(channel tap magnitude | h | and O) is considered to be short term feedback

[76] Short term and long term feedback may be transmitted in periodic, aperiodic or
semi-persistent way.

[77] Short term and long term feedback may be transmitted in PUCCH and PUSCH,
where short term feedback can be transmitted in PUCCH, long term feedback can be transmitted

in PUSCH, or both short term and long term feedback can be transmitted in PUSCH.

13



10

15

20

25

30

WO 2019/196121 PCT/CN2018/083114

[78] FIG. 6 is a logic flow diagram an exemplary method performed by a gNB, a result
of execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with exemplary embodiment.

[79] Instep 602, the gNB indicates CSI-RS resources for computing CSI feedback,
where the CSI-RS resources can be for one or multiple TRPs. In step 604, the gNB receives the
N; tap locations. In step 606, the gNB receives bit mask from UE. In step 608, the gNB builds
the gNB builds the information on tap location by combining the information from steps 604 and
608.

[80] FIG. 7 is presented showing a block diagram of one possible and non-limiting
exemplary system in which the exemplary embodiments may be practiced. In FIG. 7, a user
equipment (UE) 710 is in wireless communication with a wireless network 700. A UE is a
wireless, typically mobile device that can access a wireless network. The UE 710 includes one or
more processors 720, one or more memories 725, and one or more transceivers 730
interconnected through one or more buses 727. Each of the one or more transceivers 730
includes a receiver, Rx, 732 and a transmitter, Tx, 733. The one or more buses 727 may be
address, data, or control buses, and may include any interconnection mechanism, such as a series
of lines on a motherboard or integrated circuit, fiber optics or other optical communication
equipment, and the like. The one or more transceivers 730 are connected to one or more antennas
728. The one or more memories 725 include computer program code 723. The UE 710 includes a
YYY module 740, comprising one of or both parts 740-1 and/or 740-2, which may be
implemented in a number of ways. The YYY module 740 may be implemented in hardware as
YYY module 740-1, such as being implemented as part of the one or more processors 720. The
YYY module 140-1 may be implemented also as an integrated circuit or through other hardware
such as a programmable gate array. In another example, the YYY module 740 may be
implemented as YYY module 740-2, which is implemented as computer program code 723 and
is executed by the one or more processors 720. For instance, the one or more memories 725 and
the computer program code 723 may be configured to, with the one or more processors 720,
cause the user equipment 710 to perform one or more of the operations as described herein. The
UE 710 communicates with base station 770 via a wireless link 711.

[81] The base station 770 (which in the shown embodiment is a gNB or NR/5G Node
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B but possibly an evolved NodeB for LTE, long term evolution, but could be any similar access
point to a wireless network) that provides access by wireless devices such as the UE 710 to the
wireless network 100. The gNB 770 includes one or more processors 752, one or more memories
755, one or more network interfaces (N/W I/F(s)) 761, and one or more transceivers 760
interconnected through one or more buses 757. Each of the one or more transceivers 760
includes a receiver, Rx, 762 and a transmitter, Tx, 763. The one or more transceivers 760 are
connected to one or more antennas 758. The one or more memories 755 include computer
program code 753. The gNB 770 includes a ZZZ module 750, comprising one of or both parts
750-1 and/or 750-2, which may be implemented in a number of ways. The ZZZ module 750 may
be implemented in hardware as ZZZ module 750-1, such as being implemented as part of the one
or more processors 752. The ZZZ module 750-1 may be implemented also as an integrated
circuit or through other hardware such as a programmable gate array. In another example, the
ZZZ module 750 may be implemented as ZZZ module 750-2, which is implemented as computer
program code 753 and is executed by the one or more processors 752. For instance, the one or
more memories 755 and the computer program code 753 are configured to, with the one or more
processors 752, cause the gNB 770 to perform one or more of the operations as described herein.
The one or more network interfaces 761 communicate over a network such as via the links 776
and 731. Two or more gNBs 770 communicate using, e.g., link 776. The link 776 may be wired
or wireless or both and may implement, e.g., an X2 interface.

[82] The one or more buses 757 may be address, data, or control buses, and may
include any interconnection mechanism, such as a series of lines on a motherboard or integrated
circuit, fiber optics or other optical communication equipment, wireless channels, and the like.
For example, the one or more transceivers 760 may be implemented as a remote radio head
(RRH) 795, with the other elements of the gNB 770 being physically in a different location from
the RRH, and the one or more buses 757 could be implemented in part as fiber optic cable to
connect the other elements of the gNB 770 to the RRH 795.

[83] Itis noted that description herein indicates that “cells” perform functions, but it
should be clear that the gNB that forms the cell would perform the functions. The cell makes up
part of an gNB. That is, there can be multiple cells per gNB. For instance, there could be three
cells for a single gNB carrier frequency and associated bandwidth, each cell covering one-third

of a 360-degree area so that the single gNB’s coverage area covers an approximate oval or circle.
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Furthermore, each cell can correspond to a single carrier and an gNB may use multiple carriers.
So if there are three 120-degree cells per carrier and two carriers, then the gNB has a total of 6
cells.

[84] The wireless network 700 may include a network control element (NCE) 790 that
may include MME (Mobility Management Entity)/SGW (Serving Gateway) functionality, and
which provides connectivity with a further network, such as a telephone network and/or a data
communications network (e.g., the Internet). The gNB 770 is coupled via a link 731 to the NCE
790. The link 731 may be implemented as, e.g., an S1 interface. The NCE 790 includes one or
more processors 775, one or more memories 771, and one or more network interfaces (N/W
I/F(s)) 780, interconnected through one or more buses 785. The one or more memories 771
include computer program code 773. The one or more memories 771 and the computer program
code 773 are configured to, with the one or more processors 775, cause the NCE 790 to perform
one or more operations.

[85] The wireless network 700 may implement network virtualization, which is the
process of combining hardware and software network resources and network functionality into a
single, software-based administrative entity, a virtual network. Network virtualization involves
platform virtualization, often combined with resource virtualization. Network virtualization is
categorized as either external, combining many networks, or parts of networks, into a virtual unit,
or internal, providing network-like functionality to software containers on a single system. Note
that the virtualized entities that result from the network virtualization are still implemented, at
some level, using hardware such as processors 752 or 775 and memories 755 and 771, and also
such virtualized entities create technical effects.

[86] The computer readable memories 725, 755 and 771 may be of any type suitable to
the local technical environment and may be implemented using any suitable data storage
technology, such as semiconductor based memory devices, flash memory, magnetic memory
devices and systems, optical memory devices and systems, fixed memory and removable
memory. The processors 720, 752, and 775 may be of any type suitable to the local technical
environment, and may include one or more of general purpose computers, special purpose
computers, microprocessors, digital signal processors (DSPs) and processors based on a multi-
core processor architecture, as non-limiting examples.

[87] In general, the various embodiments of the user equipment 710 can include, but

16



10

15

20

25

30

WO 2019/196121 PCT/CN2018/083114

are not limited to, cellular telephones such as smart phones, personal digital assistants (PDAs)
having wireless communication capabilities, portable computers having wireless communication
capabilities, image capture devices such as digital cameras having wireless communication
capabilities, gaming devices having wireless communication capabilities, music storage and
playback appliances having wireless communication capabilities, Internet appliances permitting
wireless Internet access and browsing, tablets with wireless communication capabilities, as well
as portable units or terminals that incorporate combinations of such functions.

[88] Embodiments herein may be implemented in software (executed by one or more
processors), hardware (e.g., an application specific integrated circuit), or a combination of
software and hardware. For example, in an embodiment, the software (e.g., application logic, an
instruction set) is maintained on any one of various conventional computer-readable media. In
the context of this document, a “computer-readable medium” may be any media or means that
can contain, store, communicate, propagate or transport the instructions for use by or in
connection with an instruction execution system, apparatus, or device, such as a computer, with
one example of a computer described and depicted, as in FIG. 7 for example. A computer-
readable medium may comprise a computer-readable storage medium (e.g., memories 725, 755,
771 or other device) that may be any media or means that can contain or store the instructions for
use by or in connection with an instruction execution system, apparatus, or device, such as a
computer.

[89] The current architecture in LTE networks is fully distributed in the radio and fully
centralized in the core network. The low latency requires bringing the content close to the radio
which leads to local break out and multi-access edge computing (MEC). 5G may use edge cloud
and local cloud architecture. Edge computing covers a wide range of technologies such as
wireless sensor networks, mobile data acquisition, mobile signature analysis, cooperative
distributed peer-to-peer ad hoc networking and processing also classifiable as local cloud/fog
computing and grid/mesh computing, dew computing, mobile edge computing, cloudlet,
distributed data storage and retrieval, autonomic self-healing networks, remote cloud services
and augmented reality. In radio communications, using edge cloud may mean node operations to
be carried out, at least partly, in a server, host or node operationally coupled to a remote radio
head or base station comprising radio parts. It is also possible that node operations will be

distributed among a plurality of servers, nodes or hosts. It should also be understood that the
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distribution of labor between core network operations and base station operations may differ
from that of the LTE or even be non-existent. Some other technology advancements probably to
be used are Software-Defined Networking (SDN), Big Data, and all-IP, which may change the
way networks are being constructed and managed.

[90] One possible manner to carry out embodiments described herein is with an edge
cloud using a distributed computing system. An exemplary embodiment comprises a radio node
connected to a server. Exemplary embodiments implementing the system allow the edge cloud
server and the radio node as stand-alone apparatuses communicating with each other via a radio
path or via a wired connection or they may be located in a same entity communicating via a
wired connection.

[91] Turning to FIG. 8, which shows a graph of a windowing solution with power
classes and offset reporting, brings us to a fourth variation. In FIG. 8, the x-axis contains the tap
IDs and y-axis the relative Rx-power per tap. The various forms that make up the graph need not
be distinguished here individually for purposes of replicating it, but nonetheless indicate
different CIRs for different relevant beams as the outcome of an urban macro (UMa) system
level simulation. The black horizontal lines are the proposed power class dependent window
sizes, once reported for all CIRs of all beams.

[92] From FIG. 8 one can observe the way the power class dependent window sizes
are defined:

[93] (i) in a first step the power classes are being defined either by RRC control
messages or as fixed standardized relative power threshold values such as [ -6 -12 -18 - 24 ] dB.
The relative power values are then power threshold values with respect to the strongest tap of the
CIR. All taps with a strength in the power window of -6 to 0 dB relative to the strongest tap
belong then to the strongest power class P, all taps between -12 to -6 dB to power class P,, and
SO on;

[94] (i) having sorted taps to their power classes P; one can set up the according power
class dependent window sizes w(P;) by finding the smallest window size covering all relevant
taps for that power class.

[95] Note, choosing [ -6 -12 -18 - 24 ] dB as threshold values for power classes P; to
P4 seems to be a natural choice as one can then directly reduce per power class the number of

bits for the amplitude values (short term CSI feedback) by one bit without losing any information.
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Also please note, the most significant amplitude bits will be in this case always ‘0, *00” or ‘000’
and can be therefore omitted. The number of bits for the short term phase information can be
reduced in a similar manner.

[96] The window offset values are then defined — typically - relative to the window
start value for the strongest power class window. It defines the offsets of the lower power class
windows start values with respect to the strongest window start value in number of taps. These
offset values might be quantized for example as Nog(k) = 2¥, k e N. Note, these offset values
ensure that one can use always the shortest window size per power class as otherwise all
windows would have to start from the same tap, defined by the start tap of the largest window
size.

[97] In the first variation described herein above, the number of channel support
locations N is adapted to the CIR length. This approach can be extended to a windowing
solution according to FIG. 8, and as explained above, where the black horizontal lines indicate
the widowing functionality for the given CIRs. The CIRs have typically an exponential decay for
the Rx power of the taps, so that there are few high power taps while the number of lower power
taps might be larger. This is reflected by accordingly increasing window sizes, where the
window size per power class defines accordingly the length of the bitmaps for the relevant taps
falling in this power class. The window size will be quantized as well and might be either
adapted per UE for all beams or individually per beam. Note as well, this includes the case of a
single power class for all relevant taps.

[98] The UEs report first a window size from a predefined set of possible window
sizes, such as window length Ny =4, 8, 16, 32, 64... taps. In that way the reporting for the
support locations can be reduced from N X log, (Ny X 05) to Ny X 1log, (Nyy X 08) + N
=2...3 bit for the window size selection. For small values such as Ny = 16 the reporting
overhead would accordingly be almost halved.

[99] Specifically, the combination of windowing and Ny is here that the window size
reduces the number of possible tap locations for the common channel support taps. Therefore,
the reporting of the Nstap locations can be done more efficiently with lower number of bits per
significant tap location, 1.e., with loga(Ny x OS) instead of logy(N7 x OS) bits. If for example Ny
=256 and Ny =16, then logy(N7) = 8 and logy(Nw) = 4 bits, i.e., one saves 4 times N bits due to

windowing.
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[100] Different CIRs will have different taps from the overall set of Ny taps in different
power classes. As Ny is typical small the down selection of relevant taps per CIR and power class
can be done in a next step by a bitmap of length Ng(w), where Ng(w;) means those common
support taps falling into the regarded window size of w;.

[101] The purpose of power class specific window sizes is to reduce the overhead for
explicit CSI short term reporting. For predefined power classes the quantization of the related
short term reports of explicit CSI feedback per relevant taps can be adapted to the strength of
these taps. Lower power taps can use coarser quantization compared to that for the taps of the
stronger power classes. That way the effective reporting error due to quantization remains similar
for all taps.

[102] It is being assumed that there is an implicit binding of quantization to power
classes so that any further control signaling regarding tap quantization can be avoided. Note, this
implicit binding might be predefined or adapted by RRC control messages.

[103] The relevant channel components have often a quite similar length of their CIR
for the same site, which can be seen as another common support assumption, which is related
mainly to the scenario as well as the relative distances of the cooperating sites.

[104] In case of multiple transmission TRPs at different locations, there will be likely a
common relative delay between the CIRs from different cells or sites. For that reason, it is
proposed to add a relative window offset value N for different sites and then to use again the
shortest possible window length per site. Note, similar these relative window offset values can be
used to identify the offsets of windows from different power classes.

[105] In case of multi TRP the number of relevant beams received above a certain
power threshold might become quite high. Here another common channel support can be
exploited, i.e., the similar Rx-power strength of beams from same sites or cells, mainly due to
similar gNB UE distances for all beams of a site.

[106] Therefore, it might be worth to first identify the sites containing relevant beams
and then identify those related to the active sites the active cells with relevant beams. The UEs
report then only for the active cells, for instance, bitmaps for identification of the active beams of
these cells. The reporting accordingly is then [ sitel site2 site3 ] [ celll cell2 cell3 | cell4 cell5
cell6 | cell7 cell8 cell9] 1 [ b1...b32 | bl...b32 | .... | bl...b32 ], where each [ site ], [ cell ] or bit

[ by | is either <1’ or ’0’, namely, either active or not. In case a site is set to ‘0’ or inactive, then
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the cells accordingly do not have to be reported anymore and, more specifically, the reporting for
the related beams to those cells can be omitted as well. For example, assuming there are three
active cells from 2 different sites with 5 relevant beams per cell = 15 beams overall, then the
reporting overhead would be: 3 bits (for active sites) + 6 bit (for active cells of 2 active sites) + 3
(cells) * 5 (beams) * 5 bit (beam ID=log(32) ). That is, in this example the reporting would be
overall 45 bits instead of a bitmap with 288 bits or alternatively 15 * log(288) = 15* 9 = 135 bit.
Note, in this example the 288 beams would be for a cooperation area over three sites with three
cells per site and 32 beams per cell = 3x3x32= 288.

[107] Regarding the number of bits the 288 bits would be useful for future CoMP
scenarios as defined for example in the EU funded project Fantastic5G. For a simple bitmap
approach one would need a length 288 bitmap for 288 possible beams, where 288 beams are the
result from 3 sites times 3 cells times 32 beams per cell.

[108] This fourth variation could be expressed in two different configurations. In the
first configuration, an exemplary method would follow the progression of FIG. 5 for the UE and
FIG. 6 for the gNB, except that in steps 504 and 506. In step 506, where under the earlier
variations the UE directly derives the N; tap locations of the channel support, for the first
configuration of the fourth variation, the derivation of the N tap locations of the channel support
involves first the UE deriving window size and then thereafter deriving the N tap locations of
the channel support relative to window size. In other words, step 504 for the first configuration
of the fourth variation could be read as the UE derives window size and, relative to the window
size, the N; tap locations of the channel support. In step 506, in this first configuration of the
fourth variation, the UE would feedback the location of strongest taps based on bitmask.

[109] The second configuration of the fourth variation differs a bit more from the other
variations because it brings the concept of power class as described herein above into the
exemplary methods for both the UE and gNB. For this we turn to FIG. 9 for an exemplary
method for the UE and FIG. 10 for an exemplary method for the gNB.

[110] FIG. 9 is a logic flow diagram an exemplary method specific to the second
configuration of the fourth variation of the invention as performed by a UE, which is a result of
execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for

performing functions in accordance with exemplary embodiment.
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[111] In step 902, the UE receives the CSI-RS for CSI computation

[112] With that information, in step 904, the UE determines the power class specific
window sizes, window offset values and then accordingly derives N; tap locations of the channel
support, depending on the observed channel and used subcarrier spacing and informs the
locations of the N; taps of the channel support relative to window sizes.

[113] In step 906, the UE informs the locations of the strongest taps based on one of
two ways. In a first way, the strongest taps may be conveyed via a bit mask being specific to
power class and according window size and relative to those Ns being part of that power class
window.

[114] To be more specific regarding power class specific tap reporting, let’s start with
the set Sgp containing all Ny common support taps { tsgu }. This set is equivalently to the
significant taps of the lowest power class having the largest window size wa, i.e. W(P4).

[115] Under the general assumption that the window sizes w(P; < P4) for lower power
classes will be smaller, i.e., w; <= wy, then the union set of Sg,l and Sw; will be a subset of Sgl.
Here Swi; is the set of all taps being part of window w(P;). Accordingly, it is sufficient to report
for the windows w;related to the power classes P;only a smaller sub set of potential relevant taps
{ti}.

[116] FIG. 10 is a logic flow diagram an exemplary method specific to the second
configuration of the fourth variation of the invention as performed by a gNB, which is a result of
execution of computer program instructions embodied on a computer readable memory,
functions performed by logic implemented in hardware, and/or interconnected means for
performing functions in accordance with exemplary embodiment. This exemplary method is
almost identical to the exemplary method of FIG. 6, except that in addition to the gNB
combining the information of steps 1004 and 1006 (similar to 604 and 606) to build information
on tap locations, these the information on the tap locations is per power class.

[117] As can be seen from the reciprocal steps between FIG. 5 and FIG. 6 and between
FIG. 9 and FIG. 10, the actions of the UE and gNB react to the sending and/or receiving of one
to the other.

[118] Although various aspects of the invention are set out in the independent claims,
other aspects of the invention comprise other combinations of features from the described

embodiments and/or the dependent claims with the features of the independent claims, and not
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solely the combinations explicitly set out in the claims.

[119] Without in any way limiting the scope, interpretation, or application of the claims
appearing below, an advantage or technical effect of one or more of the exemplary embodiments
disclosed herein is improving spectral efficiency of the system for a given feedback rate and/or
reducing the overall feedback overhead for NR MIMO and mMIMO systems.

[120] A further advantage or technical effect of one or more of the exemplary
embodiments disclosed herein is that for high load scenarios the CSI reporting overhead is
reduced as far as possible with minimum performance degradations. Reporting of irrelevance is
minimized by the reporting of relevant taps per power class and window size, ideally adapted to
the characteristics of the CIR of each beam. Especially, the quantization per power class avoids
high overhead for low power taps.

[121] A further advantage or technical effect of one or more of the exemplary
embodiments disclosed herein is that for low load scenarios the CSI reporting can be reduced as
far as possible by accepting some performance degradations. For that purpose, one can limit
reporting to the relevant taps of the higher power classes. Despite the lower overhead the explicit
feedback per relevant channel component allows to overcome inter user interference comparably
better than with PMI feedback.

[122] A further advantage or technical effect of one or more of the exemplary
embodiments disclosed herein is that reporting of short term CSI relative to relevant channel
components and relevant taps — being semi-statically updated - is beneficial for large data packet
sizes with PDSCHs spanning over multiple TTIs. For startup or short data packets one may
introduce a slow start, where in the first TTI only a roughly quantized part of the full information
is being provided, e.g., only the high power class relevant tap CSI information.

[123] An example of an embodiment of the current invention, which can be referred to
as item 1, is a method that comprises receiving, by a user equipment, channel state information
reference signal; computing channel support information; deriving, based on the channel state
information, N; tap locations of channel support, depending on the observed channel and used
subcarrier spacing, wherein NV tap locations is a subset of all tap locations present; apprising a
base station of the N, tap locations of the channel support; and informing the base station of
strongest tap locations, for use in building a channel frequency response.

[124] An example of an additional embodiment of the current invention, which can be
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referred to as item 2, is the method of item 1, wherein the informing is based on conveying the
strongest tap locations via a bit mask.

[125] An example of an additional embodiment of the current invention, which can be
referred to as item 3, is the method of any preceding item, wherein the informing is based on
using L strongest tap locations out of the N; tap locations of the channel support on all paths and
conveying any remaining strongest tap locations via a bit mask.

[126] An example of an additional embodiment of the current invention, which can be
referred to as item 4, is the method of any preceding item, wherein the apprising and/or the
informing are performed in an independent or joint fashion, wherein the preforming can be with
different periodicities.

[127] An example of an additional embodiment of the current invention, which can be
referred to as item 5, is the method of any preceding item, wherein short term feedback and/or
long term feedback are transmitted in periodic, aperiodic, or semi-persistent way.

[128] An example of an additional embodiment of the current invention, which can be
referred to as item 6, is the method of any preceding item, wherein short term and long term
feedback may be transmitted in physical uplink control channel and physical uplink shared
channel, such that short term feedback can be transmitted in physical uplink control channel,
long term feedback can be transmitted in physical uplink shared channel, or short term and long
term feedback can be transmitted in physical uplink shared channel.

[129] An example of an additional embodiment of the current invention, which can be
referred to as item 7, is the method of any preceding item, wherein information transferred via
the apprising and/or the informing is considered long-term feedback.

[130] An example of an additional embodiment of the current invention, which can be
referred to as item 8, is the method of item 2, wherein prior to the deriving, determining window
size, and wherein the deriving is done in relation to the determined window size.

[131] An example of an additional embodiment of the current invention, which can be
referred to as item 9, is the method of item 2, wherein prior to the deriving, determining power
class specific window sizes and window offset values, wherein the deriving is done in
accordance with the determined power class specific window sizes and window offset values,
wherein the locations are relative to window sizes, and wherein the bit mask is specific to power

class and according window size and relative to those Ny tap locations being part of the power
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class window.

[132] An example of an embodiment of the current invention, which can be referred to
as item 10, is a method that comprises indicating, by a base station to a user equipment, channel
state information reference signal resources for computing channel state information feedback,
where the channel state information reference signal resources can be for one or multiple
transmit receive points; receiving, by the base station from the user equipment, an indication of
N; tap locations and a bit mask; and building, by the base station, information on tap locations by
combining the received indication and bit mask.

[133] An example of an additional embodiment of the current invention, which can be
referred to as item 11, is the method of item 10, wherein the bit mask is a plurality of bit masks,
and wherein the building is per power class.

[134] An example of an additional embodiment of the current invention, which can be
referred to as item 12, is a computer program comprising code for performing the method of any
of the preceding items.

[135] An example of an embodiment of the current invention, which can be referred to
as item 13, is a computer program that comprises code for receiving, by a user equipment,
channel state information reference signal; code for computing channel support information;
code for deriving, based on the channel state information, N tap locations of channel support,
depending on the observed channel and used subcarrier spacing, wherein N; tap locations is a
subset of all tap locations present; code for apprising a base station of the N, tap locations of the
channel support; and code for informing the base station of strongest tap locations, for use in
building a channel frequency response.

[136] An example of a further embodiment of the current invention, which can be
referred to as item 14, is a computer program that comprises code for indicating, by a base
station to a user equipment, channel state information reference signal resources for computing
channel state information feedback, where the channel state information reference signal
resources can be for one or multiple transmit receive points code for receiving, by the base
station from the user equipment, an indication of N, tap locations and a bit mask; and code for
building, by the base station, information on tap locations by combining the received indication
and bit mask.

[137] An example of an additional embodiment of the current invention, which can be
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referred to as item 15, is the computer program code of items 12 through 14, where the code is
comprising in a computer-readable storage medium for use with a computer.

[138] An example of a further embodiment of the current invention, which can be
referred to as item 16, is a computer program product embodied on a non-transitory computer-
readable medium in which a computer program is stored that, when being executed by a
computer, is configured to provide instructions with code to control or carry out: receiving, by a
user equipment, channel state information reference signal; computing channel support
information; deriving, based on the channel state information, N tap locations of channel support,
depending on the observed channel and used subcarrier spacing, wherein Nj tap locations is a
subset of all tap locations present; apprising a base station of the N; tap locations of the channel
support; and informing the base station of strongest tap locations, for use in building a channel
frequency response.

[139] An example of a further embodiment of the current invention, which can be
referred to as item 17, is a computer program product embodied on a non-transitory computer-
readable medium in which a computer program is stored that, when being executed by a
computer, is configured to provide instructions with code to control or carry out: indicating, by a
base station to a user equipment, channel state information reference signal resources for
computing channel state information feedback, where the channel state information reference
signal resources can be for one or multiple transmit receive points receiving, by the base station
from the user equipment, an indication of N; tap locations and a bit mask; and building, by the
base station, information on tap locations by combining the received indication and bit mask.

[140] An example of another embodiment of the current invention, which can be
referred to as item 18, is an apparatus that comprises means for receiving channel state
information reference signal; means for computing channel support information; means for
deriving, based on the channel state information, Ns tap locations of channel support, depending
on the observed channel and used subcarrier spacing, wherein Nj tap locations is a subset of all
tap locations present; means for apprising a base station of the N; tap locations of the channel
support; and means for informing the base station of strongest tap locations, for use in building a
channel frequency response.

[141] An example of an additional embodiment of the current invention, which can be

referred to as item 19, is the apparatus of item 18, wherein the informing is based on conveying
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the strongest tap locations via a bit mask.

[142] An example of an additional embodiment of the current invention, which can be
referred to as item 20, is the apparatus of item 18 or 19, wherein the informing is based on using
L strongest tap locations out of the N; tap locations of the channel support on all paths and
conveying any remaining strongest tap locations via a bit mask.

[143] An example of an additional embodiment of the current invention, which can be
referred to as item 21, is the apparatus of any of items 18 through 20, wherein the apprising
and/or the informing are performed in an independent or joint fashion, wherein the preforming
can be with different periodicities.

[144] An example of an additional embodiment of the current invention, which can be
referred to as item 22, is the apparatus of items 18 through 21, wherein short term feedback
and/or long term feedback are transmitted in periodic, aperiodic, or semi-persistent way.

[145] An example of an additional embodiment of the current invention, which can be
referred to as item 23, is the apparatus of items 18 through 22, wherein short term and long term
feedback may be transmitted in physical uplink control channel and physical uplink shared
channel, such that short term feedback can be transmitted in physical uplink control channel,
long term feedback can be transmitted in physical uplink shared channel, or short term and long
term feedback can be transmitted in physical uplink shared channel.

[146] An example of an additional embodiment of the current invention, which can be
referred to as item 24, is the apparatus of any of items 18 through 23, wherein information
transferred via the apprising and/or the informing is considered long-term feedback.

[147] An example of an additional embodiment of the current invention, which can be
referred to as item 25, is the apparatus of item 19, wherein prior to the deriving, determining
window size, and wherein the deriving is done in relation to the determined window size.

[148] An example of an additional embodiment of the current invention, which can be
referred to as item 26, is the apparatus of item 19, wherein prior to the deriving, determining
power class specific window sizes and window offset values, wherein the deriving is done in
accordance with the determined power class specific window sizes and window offset values,
wherein the locations are relative to window sizes, and wherein the bit mask is specific to power
class and according window size and relative to those N tap locations being part of the power

class window.
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[149] An example of another embodiment of the current invention, which can be
referred to as item 27, is an apparatus that comprises means for indicating, to a user equipment,
channel state information reference signal resources for computing channel state information
feedback, where the channel state information reference signal resources can be for one or
multiple transmit receive points; means for receiving, from the user equipment, an indication of
N; tap locations and a bit mask; and means for building information on tap locations by
combining the received indication and bit mask.

[150] An example of an additional embodiment of the current invention, which can be
referred to as item 28, is the apparatus of item 27, wherein the bit mask is a plurality of bit masks,
and wherein the building is per power class.

[151] An example of another embodiment of the current invention, which can be
referred to as item 29, is an apparatus that comprises at least one processor and at least one
memory including computer program code, wherein the at least one memory and the computer
code are configured, with the at least one processor, to cause the apparatus to at least perform the
following: receiving channel state information reference signal; computing channel support
information; deriving, based on the channel state information, N tap locations of channel support,
depending on the observed channel and used subcarrier spacing, wherein N; tap locations is a
subset of all tap locations present; apprising a base station of the N, tap locations of the channel
support; and informing the base station of strongest tap locations, for use in building a channel
frequency response.

[152] An example of another embodiment of the current invention, which can be
referred to as item 30, is an apparatus that comprises at least one processor and at least one
memory including computer program code, wherein the at least one memory and the computer
code are configured, with the at least one processor, to cause the apparatus to at least perform the
following: indicating, to a user equipment, channel state information reference signal resources
for computing channel state information feedback, where the channel state information reference
signal resources can be for one or multiple transmit receive points; receiving, from the user
equipment, an indication of N; tap locations and a bit mask; and building information on tap
locations by combining the received indication and bit mask.

[153] Although various aspects are set out above, other aspects comprise other

combinations of features from the described embodiments, and not solely the combinations
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described above. If desired, the different functions discussed herein may be performed in a
different order and/or concurrently with each other. Furthermore, if desired, one or more of the
above-described functions may be optional or may be combined. Please note that the use of the
word “taps” has been used on occasion herein instead of “tap locations” to mean the same thing.

[154] Although various aspects of the invention are set out in the independent claims,
other aspects of the invention comprise other combinations of features from the described
embodiments and/or the dependent claims with the features of the independent claims, and not
solely the combinations explicitly set out in the claims.

[155] Tt is also noted herein that while the above describes examples of embodiments of
the invention, these descriptions should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made without departing from the scope of the

present invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

receiving, by a user equipment, channel state information reference signal;

computing channel support information;

deriving, based on the channel state information, N tap locations of channel support,
depending on the observed channel and used subcarrier spacing, wherein N tap
locations is a subset of all tap locations present;

apprising a base station of the N; tap locations of the channel support; and

informing the base station of strongest tap locations, for use in building a channel

frequency response.

2. The method of claim 1, wherein the informing is based on conveying the strongest tap

locations via a bit mask.

3. The method of any preceding claim, wherein the informing is based on using L strongest
tap locations out of the N tap locations of the channel support on all paths and conveying

any remaining strongest tap locations via a bit mask.

4. The method of any preceding claim, wherein the apprising and/or the informing are
performed in an independent or joint fashion, wherein the preforming can be with

different periodicities.

5. The method of any preceding claim, wherein short term feedback and/or long term

feedback are transmitted in periodic, aperiodic, or semi-persistent way.

6. The method of any preceding claim, wherein short term and long term feedback may be
transmitted in physical uplink control channel and physical uplink shared channel, such
that

short term feedback can be transmitted in physical uplink control channel,
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long term feedback can be transmitted in physical uplink shared channel, or
short term and long term feedback can be transmitted in physical uplink shared

channel.

7. The method of any preceding claim, wherein information transferred via the apprising

and/or the informing is considered long-term feedback.

8. The method of claim 2,
wherein prior to the deriving, determining window size, and

wherein the deriving is done in relation to the determined window size.

9. The method of claim 2,
wherein prior to the deriving, determining power class specific window sizes and
window offset values,
wherein the deriving is done in accordance with the determined power class specific
window sizes and window offset values,
wherein the locations are relative to window sizes, and
wherein the bit mask is specific to power class and according window size and

relative to those N tap locations being part of the power class window.

10. A method comprising:

indicating, by a base station to a user equipment, channel state information reference
signal resources for computing channel state information feedback, where the
channel state information reference signal resources can be for one or multiple
transmit receive points;

receiving, by the base station from the user equipment, an indication of N; tap
locations and a bit mask; and

building, by the base station, information on tap locations by combining the received

indication and bit mask.

11. The method of claim 10,
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wherein the bit mask is a plurality of bit masks, and

wherein the building is per power class.

12. A computer program comprising code for performing the method of any of the preceding

claims.

13. A computer program comprising:

code for receiving, by a user equipment, channel state information reference signal;

code for computing channel support information;

code for deriving, based on the channel state information, N; tap locations of channel
support, depending on the observed channel and used subcarrier spacing, wherein
N; tap locations is a subset of all tap locations present;

code for apprising a base station of the N tap locations of the channel support; and

code for informing the base station of strongest tap locations, for use in building a

channel frequency response.

14. A computer program comprising:

code for indicating, by a base station to a user equipment, channel state information
reference signal resources for computing channel state information feedback,
where the channel state information reference signal resources can be for one or
multiple transmit receive points;

code for receiving, by the base station from the user equipment, an indication of N
tap locations and a bit mask; and

code for building, by the base station, information on tap locations by combining the

received indication and bit mask.

15. The computer program code of claims 12 through 14, where the code is comprising in a

computer-readable storage medium for use with a computer.

16. A computer program product embodied on a non-transitory computer-readable medium

in which a computer program is stored that, when being executed by a computer, is
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configured to provide instructions with code to control or carry out:

receiving, by a user equipment, channel state information reference signal;

computing channel support information;

deriving, based on the channel state information, N tap locations of channel
support, depending on the observed channel and used subcarrier spacing,
wherein N; tap locations is a subset of all tap locations present;

apprising a base station of the N; tap locations of the channel support; and

informing the base station of strongest tap locations, for use in building a channel

frequency response.

17. A computer program product embodied on a non-transitory computer-readable medium
in which a computer program is stored that, when being executed by a computer, is
configured to provide instructions with code to control or carry out:

indicating, by a base station to a user equipment, channel state information reference
signal resources for computing channel state information feedback, where the
channel state information reference signal resources can be for one or multiple
transmit receive points;

receiving, by the base station from the user equipment, an indication of N tap
locations and a bit mask; and

building, by the base station, information on tap locations by combining the received

indication and bit mask.

18. An apparatus comprising:

means for receiving channel state information reference signal,

means for computing channel support information;

means for deriving, based on the channel state information, N tap locations of
channel support, depending on the observed channel and used subcarrier
spacing, wherein N tap locations is a subset of all tap locations present;

means for apprising a base station of the N; tap locations of the channel support;
and

means for informing the base station of strongest tap locations, for use in building
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19.

20.

21.

22.

23.

a channel frequency response.

The apparatus of claim 18, wherein the informing is based on conveying the strongest tap

locations via a bit mask.

The apparatus of claim 18 or 19, wherein the informing is based on using L strongest tap
locations out of the N, tap locations of the channel support on all paths and conveying

any remaining strongest tap locations via a bit mask.

The apparatus of any of claims 18 through 20, wherein the apprising and/or the informing
are performed in an independent or joint fashion, wherein the preforming can be with

different periodicities.

The apparatus of claims 18 or 21, wherein short term feedback and/or long term feedback

are transmitted in periodic, aperiodic, or semi-persistent way.

The apparatus of claims 18 or 22, wherein short term and long term feedback may be
transmitted in physical uplink control channel and physical uplink shared channel, such
that

short term feedback can be transmitted in physical uplink control channel,

long term feedback can be transmitted in physical uplink shared channel, or

short term and long term feedback can be transmitted in physical uplink shared

channel.

24. The apparatus of any of claims 18 through 23, wherein information transferred via the

apprising and/or the informing is considered long-term feedback.

25. The apparatus of claim 19,

wherein prior to the deriving, determining window size, and

wherein the deriving is done in relation to the determined window size.
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26. The apparatus of claim 19,
wherein prior to the deriving, determining power class specific window sizes and
window offset values,
wherein the deriving is done in accordance with the determined power class specific
window sizes and window offset values,
wherein the locations are relative to window sizes, and
wherein the bit mask is specific to power class and according window size and

relative to those Ny tap locations being part of the power class window.

27. An apparatus comprising:

means for indicating, to a user equipment, channel state information reference signal
resources for computing channel state information feedback, where the channel
state information reference signal resources can be for one or multiple transmit
receive points;

means for receiving, from the user equipment, an indication of N tap locations and a
bit mask; and

means for building information on tap locations by combining the received indication

and bit mask.

28. The apparatus of claim 27,
wherein the bit mask is a plurality of bit masks, and

wherein the building is per power class.

29. An apparatus comprising;
at least one processor and at least one memory including computer program code,
wherein the at least one memory and the computer code are configured, with the
at least one processor, to cause the apparatus to at least perform the following:
receiving channel state information reference signal;
computing channel support information;
deriving, based on the channel state information, N; tap locations of channel support,

depending on the observed channel and used subcarrier spacing, wherein N tap
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locations is a subset of all tap locations present;
apprising a base station of the NV tap locations of the channel support; and
informing the base station of strongest tap locations, for use in building a channel

frequency response.

30. An apparatus comprising:
at least one processor and at least one memory including computer program code,
wherein the at least one memory and the computer code are configured, with the
at least one processor, to cause the apparatus to at least perform the following:
10 indicating, to a user equipment, channel state information reference signal resources
for computing channel state information feedback, where the channel state
information reference signal resources can be for one or multiple transmit receive
points;
receiving, from the user equipment, an indication of N, tap locations and a bit mask;
15 and
building information on tap locations by combining the received indication and bit

mask.
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