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Titre : CSI feedback for data transmission over multiple transmission points.

Abrégé :

Systems and methods for Channel State Information
(CSI) feedback for multiple Transmission Points
(TRPs) in a cellular communications network are
disclosed. Embodiments of a method of operation of a
wireless device and corresponding embodiments of a
wireless device are disclosed. In some embodiments,
a method performed by a wireless device for CSI
feedback comprises receiving a configuration
comprising N Non-Zero Power (NZP) CSI Reference
Signal (CSI-RS) resources each associated with a
different one of N TRPs or N sets of NZP CSI-RS
resources each associated with a different one of the
N TRPs. The method further comprises receiving a
request for CS| feedback based on the configuration,
selecting a preferred subset of the NZP CSI-RS
resources comprised in the N NZP CSI-RS resources
or the N sets of NZP CSI-RS resources, and
reporting, to a base station, CSI based on the
selected preferred subset of the NZP CSI-RS
resources.
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CSI FEEDBACK FOR DATA TRANSMISSION CVER MULTIPLE TRANSMISSION
POINTS

Related Applications

[00C1] This application claims the benefit of provisional patent application serial

number 62/755,068, fiied November 2, 2018, the disclosure of which is hereby

incorporated herein by reference in its entirety.

Technical Field

10002] The present disclosure relates to Channel State Information (CS!) feedback in

a wireless communication system.

Background

[0003] The next generation mobile wireless communication system (Fifth Generation
{6G)), or New Radio (NR), will support a diverse set of use cases and a diverse set of
deployment scenarios. The later includes deployment at both low frequencies (e.g.,
below 6 Gigahertz (GHz)) and very high frequencies (e.g., up to tens of GHz).

[0004] As in Long Term Evolution (LTE), NR uses Cyclic Prefix Orthogonal
Frequency Divisien Multiplexing (CP-OFDM) in the downlink from a network node (e.g., a
NR base station (gNB), an enhanced or evolved Node B (eNB), or a base station) to a
User Equipment (UE} and both CP-OFDM and Discrete Fourier Transform (DFT)-Spread
Orthogonal Frequency Division Multiplexing (DFT-S-OFDM) in the uplink from a UE to a
network node (e.g., gNB, eNB, or base station). In the time domain, NR downlink and
uplink are organized into equaily-sized subframes of 1 miilisecond (ms) each. A
subframe is further divided into multiple siots of equal duration. The slot length depends
on subcarrier spacing. For a subcarrier spacing of Af = 15 kilohertz (kHz), there is only
one slot per subframe and each slot consists of fourteen Orthogonal Frequency Division
Multiplexing (OFDM) symbols.

[0005] Data scheduling in NR can be on a slot basis, as in LTE. Figure 1 illustrates
an example NR time-domain structure with 15 kHz subcarrier spacing with a 14 symbol
slot, where the first two symbols contain Physical Downlink Control Channel (PDCCH)
and the rest contain Physical Data Channel (PDCH), i.e., either Physical Downlink
Shared Channel (PDSCH) or Physical Uplink Shared Channel (PUSCH).

[0006] Different subcarrier spacing values are supported in NR. The supported

subcarrier spacing vaiues (aiso referred to as different numeroiogies) are given by Af =
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(15 x 2%) kHz where a is a non-negative integer. Af = 15 kHz is the basic subcarrier
spacing that is also used in LTE. The slot durations at different subcarrier spacings are

shown in Table 1.

Table 1: Slot length at different numerclogies.
Numerology | Slot length §| RB BW
15 kHz 1ms 180 kHz
30 kHz 0.5ms 360 kHz
60 kHz 0.25ms 720 kHz
120 kHz 125 ps 1.44 MRz
240 kHz 62.5 us 2.88 MHz

[0007] In the frequency domain, a system bandwidth is divided into Resource Blocks
(RBs), each corresponds to twelve contiguous subcarriers. The RBs are numbered
starting with G from one end of the system bandwidih. The basic NR physical time-
frequency resource grid is illustrated in Figure 2, where only one RB within a 14 symbol
slot is shown. One OFDM subcarrier during one CFDM symbol interval forms one
Resource Element (RE).

[0008] D d, i.e., in each slot the gNB
transmits Downlink Control information (DCI) over PDCCH about which UE data is to be
transmitted to and which RBs in the cument downlink siot the data is transmitted on.
PDCCH is typically transmitted in the first one or two OFDM symbols in each slot in NR.
The UE data is carried on PDSCH. A UE first detects and decodes PDCCH and, upon
decoding the PDCCH successfully, it then decodes the corresponding PDSCH based on

the decoded DCI in the PDCCH.
[0009] Uplink data transmissions are also dynamically scheduled using PDCCH.
Similar to downlink, a UE first decodes uplink grants in PDCCH and then transmits data
over PUSCH based the decoded control information in the uplink grant such as
modulation order, coding rate, uplink resource aliocation, etc.

1.1 Spatial Multipiexing
[0010] Multi-antenna techniques can significantly increase the data rates and

reliability of a wireless communication system. The performance can be improved if both
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the transmitter and the receiver are equipped with multiple antennas, which results in a
Multiple Input Multiple Output (MIMO) communication channel. Such systems and/or

related techniques are commonly referred to as MIMO.

[0011] A core component in NR is the support of MIMO antenna deployments and
MIMO related techniques. Spatial muiltiplexing is one of the MIMO techniques used to
achieve high data rates in favorable channel conditions. An illustration of the spatial
multiplexing operation is provided in Figure 3.

[0012] As seen, the information carrying symbol vector s = [s;, 53, ..., 5-]7 is muitiplied
by an M x r precoder matrix W, which serves to distribute the transmit energy in a
subspace of the Nr (corresponding to Nr antenna ports) dimensional vector space. The
precoder matrix is typically selected from a codebook of possible precoder matrices, and
typically indicated by means of a Precoder Matrix Indicator (PMi), which specifies a
unique precoder matrix in the codebook for a given number of symbol streams. The r
symbols in the symbol vector s each correspond to a MIMO layer, and ris referred to as
the transmission rank. In this way, spatial muitiplexing is achieved since multiple symbols
can be transmitted simultaneousiy over the same time and frequency RE. The number of

symbols ris typically adapted to suit the current channel properties.

FOMNE DT T - HYPRP e P

LUULl3)] Tne received signai at a UE with N, i is
given by
o =H,Ws+e,

where y, is a N x 1 received signal vector, H,, is a Ny X Ny channel matrix at the RE,
and e, is a Ny x 1 noise and interference vector received at the RE by the UE. The
precoder W can be a wideband precoder, which is constant over frequency, or frequency
selective, i.e. different over ferequency.

[0014] The precoder matrix is often chosen to match the characteristics of the Nr x
Nr MIMO channel matrix H,

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

[0015] The transmission rank, and thus the number of spatially multiplexed layers, is
reflected in the number of columns of the preccder. The transmission rank is also
dependent on the Signal to Interference plus Noise Ratio (SINR) observed at the UE.
Typically, a higher SINR is required for transmissions with higher ranks. For efficient
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performance, it is important that a transmission rank that matches the channel properties
as well as the interference is selected. The precoding matrix, the transmission rank, and
the channel quality are part of Channei State information {(TSi), which is typically
measured by a UE and fed back to a network node or gNB.

1.2  Single User MIMO (SU-MIMO) vs. Multi-User MIMO (MU-MIMO}
[0016] When all the data layers are transmitted to one UE, it is referred to as SU-
MIMQ. On the other hand, when the data layers are transmitted to multiple UEs, it is
referred to as MU-MIMO. MU-MIMO is possible when, for example, two UEs are in
different areas of a cell such that they can be separated through different precoders (or
beamforming) at the gNB, the two UEs may be served on the same time-frequency
resources (i.e. Physical RBs (PRBs)) by using different precoders or beams.

1.3 NR MIMO Data Transmission
[0017] NR data transmission over muiltiple MIMO layers is shown in Figure 4.
Depending on the total number of MiMO layers or the rank, either one codeword or two
codewords is used. One codeword is used when the total number of layers is equal or
less than four, two codewords are used when the number of layers is more than four.
Each codeword contains the encoded data bits of a Transport Block (TB). After bit level
scrambling, the scrambled bits are mapped to complex-valued modulation symbols

d@(0),...,d DM — 1) for codeword q. The complex-valued modulation symbols are

then mapped onto the layers x(i) = [x©@@) .. x@D®]I, i=0,1,...,M;§f;f’;—1,
according to Table 7.3.1.3-1 (which is copied below) of Third Generation Partnership

Project (3GPP) Technical Specification (TS) 38.211 v15.0.0, where v is the number of

tayer
layers and My
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.

Codeword-to-layer mapping

Number of | Number of
layers codewords i=0]l,. M;fij{, 1
1 1 OO =dVn ML =MD,
Q) - - [{) PN
x () =d"(2) laver _ p £(0) /o
2 1 x(l)(i) _ d(G)fZié-l) Msxmb A[sm:b/
D0 =d™®30)
3 1 D@ =dOGi+D) M =M, /3
¥ =d M Ei+2)
¥ D6)=d®an
M- (Crrq:
xV(Ey=d"{4i+1) layer (©)
4 1 . Me =M, [4
D) =d©4i+2) sy =M
@) =d i +3)
Q) =d®2iy
XP@y=a @i+
= ~ Fya {9 (D 4
o] P4 x(;")(i\) :d!ﬁn(si) M s\a:nat; =4 [svmb/z =M Tymbj 2
¥y =dP3i+1)
@) =dPEi+2)
D) = d‘“( i)
xPEy=d@GEi+1)
~~~’(1):d"°)(3f+2) )
6 2 M = MO 3= MO, /3
\3)(1) d”(ﬁl) . !
FM@) =dVGi+D
) =d®GEi+2)
X '0)(1) d© (Jl)
) =dDGEi+1)
x ‘)(t) =d” )(31 +2)
- s layer ~ (€))
/ 2 x'{‘B)(i) - d“:’(4if) M S;x\me = Alsvmb/J = "‘[ssmb/
xXP()=dP(di+1)
() =dP @i +2)
xXO0)=dVEi+3)
x2) =d™4i)
V(@) =d i +1)
xP(i)=d @i +2)
V(@) =d Vi +3) o
A l;\u 0 :,
8 2 svmb M\mb/ M;\mb/

V@) = d )

V) =d V@i +1)
X9y =dP4i+2)
xXP()y=dP(4i+3)
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[0018] For demodulation purposes, a Demodulation Reference Signal (DMRS), also

referred to as a DMRS port, is transmitted along each data layer. The block of vectors

O .. x@D@IT, i=01,.,M%T _1 is mapped to DMRS antenna ports

svmb
according to
{7 (Pn Q) [ (01(,)1
} : l N
y(pv-l)(l) L (-1 1”)J

where i =0,1,..,Mgh  —1, MZ = f;’r’:g The set of DMRS antenna ports {py, ..., py_1}

and port to layer mapping are dynamically indicated in DC| according to Tables 7.3.1.2.2-
1/2/3/4 in 3GPP TS 38.212 v15.0.0.

1.4 CSI Feedback
[0019] For CSI feedback, NR has adopted an implicit CSI mechanism where a UE
feeds back the dowrlink CSi which typically includes a transmission Rank Indicator (RI),
a PMI, and Channel Quality Indicator (CQl) for each codeword. The CQI/RI/PMI report
can be either wideband or subband based on configuration.
[0020] The RI corresponds to a recommended number of layers that are to be
spatially multipiexed and thus transmitted in paraliel over the effective channel. The PMI
identifies a recommended precoding matrix to use. The CQI represents a recommended
modulation level (i.e., Quadrature Phase Shift Keying (QPSK), 16 Quadrature Amplitude
Modulation (QAM), etc.) and coding rate for each codeword or TB. NR supports
transmission of one or two ccdewords to a UE in a slot. There is thus a relation between
a CQl and an SINR of the spatial layers over which the codewords are transmitted.

1.5 CSI Reference Signals (CSI-RSs)
[0021] For CSI measurement and feedback, CSI-RSs are defined. A CSI-RS is
transmitted on each transmit antenna (or antenna port) and is used by a UE to measure
the downiink channel between each of the transmit antenna ports and each of its receive
antenna ports. The antenna ports are also referred to as CSI-RS ports. The supported
number of antenna ports in NR are {1,2,4,8,12,18,24,32}. By measuring the received
CSI-RS, a UE can estimate the channel that the CSI-RS is traversing, including the radio
propagation channel and antenna gains. The CSI-RS for the above purpose is also
referred to as Non-Zero Power (NZP) CSI-RS.
[0022] CSI-RS can be configured to be transmitted in certain REs in a siot and

certain slots. Figure 5 shows an example of CSi-RS REs for twelve (12) antenna ports,

where one RE per RB per port is shown.
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[0023] In addition, Interference Measurement Resource (IMR) is also defined in NR
for a UE to measure interference. An IMR contains four REs, i.e., either four adjacent
REs in frequency in the same OF DM symbol or a two-by-two grid of adjacent REs in both
time and frequency in a slot. By measuring both the channel based on NZP CSI-RS and
the interference based on an IMR, a UE can estimate the effective channel and nois
plus interference to determine the CSI, i.e. rank, precoding matrix, and the channel
quality.
[0024] Furthermore, a UE in NR may be configured to measure interference based
on one or multiple NZP CSI-RS resources.
1.6 CSI Framework in NR

{00257 In NR, a UE can be configured with multiple CSI reporting settings and
multiple CSI-RS resource settings. Each resource setting can contain multiple resource
sets, and each resource set can contain up to eight CSI-RS resources. For each CSI
reporting setting, a UE feeds back a CSl report.
[0026] In each CSI reporting setting, it contains at least the following information:

e a CSI-RS resource set for channel measurement,

e an IMR resource set for interference measurement,

e optionally, a CSI-RS resource set for interference measurement,

e time-domain behavior, i.e. periodic, semi-persistent, or aperiodic reporting,

e frequency granularity, i.e. wideband or subband,

e CSl| parameters to be reported such as RI, PMI, CQl, and CSI-RS Resource

Indicator (CRI) in case of muitiple CSI-RS resources in a resource set,

e codebook types, i.e. type | or |l if reported, and codebook subset restriction, and

e measurement restriction. '
[0027] When the CSI-RS resource set in a CSl reporting setting contains multiple
CSI-RS resources, one of the CSIi-RS resources is selected by a UE and a CRI is also
reported by the UE to indicate to the gNB about the selected CSI-RS resource in the
resouice set, together with RI, PMi, and CQl associated with the selected CSI-RS
resource.
[0028] For aperiodic CSI repoiting in NR, more than one CS! reporting setting, each
with a different CSI-RS resource set for channel measurement and/or resource set for

interference measu irement, can be configured and triggered at the same time. In this

o= Ty

case, multiple CSI reports are aggregated and sent from the UE to the gNB in a single
PUSCH.
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1.7 Data Transmission Over Multiple Transmission Points or Panels
1.7.1  Dynamic Point Selection (DPS)

{6029] in NR, DPS is supported in which data for a UE can be sent over different
Transmission Points (TRPs) in different slots. In this case, the gNB may request the UE
to measure and feedback downiink C8l for each of the TRPs, and the gNB then decides
the TRP for data transmission to the UE. Since different TRPs may have different
configurations for CSI-RS and other downlink reference signals such as Synchronization
Signal Block (SSB), the available REs in a slot may also be different. Furthermore, since
the different TRPs may be physically in different locations, the propagation channels to
the UE can also be different. To facilitate receiving PDSCH data from different TRPs, a
parameter called Transmission Configuration Indicator {TCl) state is signaled to a UE in
the corresponding DCI carried on PDCCH. A UE may be configured with multiple TCI
states, and one of the configured TCI states is selected and indicated in the DCI. A TCI
state contains Quasi Co-iocation (QCL) information between the DMRS for PDSCH and
one or two downlink reference signals such as CSI-RS or SSB. The supported QCL
information types in NR are:

o 'QCL-TypeA'" {Doppler shift, Doppler spread, average delay, delay spread},

s 'QCL-TypeB'" {Doppler shift, Doppler spread},

e 'QCL-TypeC': {Doppler shift, average delay}, and

e 'QCL-TypeD'" {Spatiai Rx parameter}.
[0030] The QCL information is used by a UE to apply large scale channel properties
associated with the downlink reference signals (CSI-RS or SSB) to DMRS based channe!
estimation for PDSCH reception.

1.7.2 Non-Coherent Joint Transmission (NC-JT)

[0031] NC-JT refers to MIMO data transmission over multiple TRPs in which different
MIMO layers are transmitted over different TRPs. An example is shown in Figure 8,
where a PDSCH is sent to a UE over two TRPs, each carrying one codeword. When the
UE has four receive antennas while each of the TRPs has only two transmit antennas,
the UE can support up to four MIMO layers but there is a maximum of two MIMO layers
from each TRP. In this case, by transmitting data over two TRPs to the UE, the peak
data rate to the UE can be increased, as up to four aggregated layers from the two TRPs
can be used. This is beneficial when the traffic load, and thus the resource utilization, is
iow in each TRP. The schemme can aiso be beneficial in the case where the UE is in Line
of Sight (LOS) of both the TRPs and the rank per TRP is limited even when there are
more transmit antennas available at each TRP.
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[0032] This type of NC-JT is supported in LTE with two TRPs, each having up to
eight antenna ports. For CSI feedback purpose, a UE is configured with a CS! process
with two NZP CSI-RS resources, one for each TRP, and one interference measurement
resource. The UE calculates CSI per NZP CSI-RS resource and reports a pair of Ris,
f CQis, (CQl1, CQI2), by considering
the mutual interference between the two codewords from the two TRPs. With two
codewords, different Modulation and Coding Schemes (MCSs) can be used for the two
TRPs. An advanced receiver with Codeword Level Interference Cancellation (CWIC) can
be used at the UE. Furthermore, when one codeword is in error, only that codeword
needs to be re-transmitted. It also implies that maximum TRPs can be supported as only
two codewords are supported in LTE and NR.
[0033] An altemative approach is to use a single codeword over muitiple TRPs. An
example is shown in Figure 7, where different layers are transmitted from three TRPs.
This allows data transmission over more than two TRPs.
[0034] In one scenario, a gNB may configure a UE with two CSI reporting settings,
one for DPS and the other for NC-JT. The UE then feeds back two CSi reports, one for
DPS and the other for NC-JT. The gNB can decide whether to use DPS or NC-JT based
on other information available at the gNB. In ancther scenario as discussed in
PCT/EP2018/065557, a gNB may configure a UE with N>1 NZP CSI-RS rescurces, each
associated with one TRP, in a resource setting as part of a CSI reporting setting for
channel measurement, and the UE is allowed to select M = (1, 2,...,N) preferred NZP
CSI-RS resources. In this case, the UE would feedback a single CSl report consisting of
at least an indicator of “Number of Selected Resources”, i.e. NSRI, which indicates how
many resources are selected along with a set of the selected CRis, i.e. {CRI,, ..., CRIyg}-
NSRI=1 means that only a single TRP is selected, i.e., DPS transmission is preferred,
while NRSI>1 indicates that NC-JT transmission is preferred.

1.7.3 Muiti-TRP Transmission for Reliabie Data Delivery — Diversity

Based Transmission

{6035] in addition to using muiti-TRP transmission for improved data througnput such
as DPS and NC-JT discussed above (which is referred to herein as spatial multiplexing
based multi-TRP transmission), ancther application of multi-TRP transmission is to
provide increased reliability of data transmission, which is important in some mission
critical applications such as auto driving or industrial control. In this case, a same data

packet may be transmitted over multiple TRPs as shown Figure 8.
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[0036] Either the same resource or different resources may be used in different
TRPs. Soft combining may be performed at the UE. When the same resource is used,
then different MiMO iayers would be used to carry the same data from different TRPs and
a MIMO receiver is needed at the UE to separate the layers. In one scenario, the same
codeword with different redundancy versions may be transmitted from different TRPs and
soft combining is performed at the UE. In another scenario, the same PDSCH may
simply be transmitted over multiple TRPs, which is transparent to the UE. This type of
multi-TRP transmission is referred to herein as diversity based multi-TRP transmission.
1.8 Problems with Existing Solutions

[0037] There currently exist certain challenge(s). In particular, the conventional CS!
feedback mechanism (e.g., the CSI feedback mechanisms for LTE) are less than ideal
when considering both DPS based multi-TRP transmission and NC-JT and when
considering UE selection of M out of N TRPs.

Summary

[0038] sSystems and methods for Channel State Information (CSI) feedback for
multiple Transmission Points (TRPs) in a cellular communications network are disclosed.
Embodiments of a method of operation of a wireless device and corresponding
embodiments of a wireiess device are disciosed. in some embodiments, a method
performed by a wireless device for CS! feedback comprises receiving a configuration
comprising N Non-Zero Power (NZP) CS! Reference Signal (CSI-RS) resources each
associated with a different one of N TRPs or N sets of NZP CSI-RS resources each
associated with a different one of the N TRPs. The method further comprises receiving a
request for CSI| feedback based on the configuration, selecting a preferred subset of the
NZP CSI-RS resources comprised in the N NZP CSI-RS resources or the N sets of NZP
CSI-RS resources, and reporting, to a base station, CS| based on the selected preferred
subset of the NZP CSI-RS resources.

[0039] In some embodiments, the preferred subset of the NZP CSI-RS resources has
a size M, where M<N. In some embodiments, N22. In some embodiments, N=3, and
M=21. in some embodiments, N23, and M22.

[0040] In some embodiments, a size of the preferred subset is signaled to the
wireless device.

[0041] In some embodiments, the CSI comprises an identity of each NZP CSI-RS
rescurce in the selected preferred subset. In some embodiments, for each of NZP CSI-

RS resource in the selected preferred subset, the identity of the NZP CSI-RS resource is
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an index of the NZP CSI-RS resource within a set of NZP CSI-RS resources configured
for the wireless device. In some embodiments, reporting the CS| comprises sending a
CSi report to the base station, where the TSI report comprises a bitmap that indicates the
identities of the NZP CSI-RS resources in selected prefered subset. In some
embodiments, each bit within the bitmap is asscciated with a comesponding one of the
NZP CSI-RS resources configured for the wireless device and bit value of the bit
indicates whether or not the corresponding one of the NZP CSI-RS resources is
comprised in the selected preferred subset.

[0042] In some embodiments, a maximum rank may be restricted for each of the NZP
CSI-RS resources configured for the wireless device. In some embodiments, the method
further comprises receiving an indication of the restriction from the base station.

[0043] In some embodiments, the selected preferred subset corresponds to a
preferred subset of the N TRPs for a downlink transmission to the wireless device,
wherein the downlink transmission is Non-Coherent Joint Transmission (NC-JT), a
Dynamic Point Selection (DPS) transmission, or a diversity combining transmission. In
some embodiments, the downlink transmission is a Physical Downlink Shared Channel
(PDSCH) transmission.

combination of NC-JT, DPS, and diversity combining.

[0045] In some embodiments, a size of the preferred subset is determined by the
wireless device.

[00461 |n some embodiments, reporting the CSI comprises sending a CSI report
comprising a first part and a second part, wherein a size of the selected preferred subset
is encoded in the first part. In some embodiments, the first part has a predefined payload
size, is encoded before encoding the second part at the wireless device, or both has a
predefined payload size and is encoded before encoding the second part at the wireless
device. In some embodiments, some part of the CSl is dropped from the second part of
the CSl report. In some embodiments, the first part is decoded first at the base station.
[0047] in some embodiments, the configuration comprises CS| reporting setting
comprising the N NZP CSI-RS resources or the N sets of NZP CSI-RS resource, and a
list of transmission hypotheses over the NZP CSI-RS resources configured in the CSI
reporting setting. In some embodiments, the list of hypotheses comprises NC-JT, DPS,
and/or or diversity combining over one or more of the configured NZP CSI-RS resources.

In some embodiments, selecting the preferred subset further comprises selecting one
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hypothesis out of the list of the hypcthesis. In some embodiments, reporting the CSI
further comprises reporting the selected hypothesis.

[0048] in some embodiments, receiving the configuration comprises receiving two or
more CS! reporting configurations, each for cne transmission mode with NC-JT, DPS, or
diversity combining, and receiving the request for CSi feedback comprises receiving a
request for CS! feedback of two or more CSi reports.

[0842] !n some embodiments, reporiing the CS! comprises reporting a single CS!
component (e.g., single CSi report) comprising a rank and Precoding Matrix Indicator(s)
(PMI) for each of the NZP CSI-RS resources in the selected preferred subset, and
individual CS| component comprising two or more Channel Quality Indicators (CQls),
each for a different transmission mode.

[0050] In some embodiments, the N sets of NZP CSI-RS resources are configured

in either a single CSI-RS resource setting or muitiple CSI-RS resource settings.
[0051] In some embodiments, receiving the request comprises receiving the request
via one or a combination of semi-static signaling and dynamic signaling.

[0052] in some embodiments, selecting the preferred subset comprises comparing

data throughputs and/or selecting the TRPs that can provide the maximum throughput.

{0053] in some embodiments, a wireless device for CSi feedback comprises one or
more transmitters, one or more receivers, and processing circuitry associated with the

-
]
i

one or more transmitters and the one or more receivers. The proCessing circuitry is
configured to cause the wireless device to receive a configuration comprising N NZP CSl-
RS resources each associated with a different one of N TRPs or N sets of NZP CSI-RS
resources each associated with a different one of the N TRPs. The processing circuitry is
further configured to cause the wireless device to receive a request for CSI feedback
based on the configuration, select a preferred subset of the NZP CSI-RS resources
comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS resources, and
report, to a base station, CSi based on the selected preferred subset of the NZP CSI-RS
resources.

[0054] Embodiments of a method performed by a base station and corresponding
embodiments of a base station are also disclosed. In some embodiments, a method
performed by a base station for CSi feedback comprises providing, to a wireless device, a
configuration comprising N NZP CSI-RS resources each associated with a different one
of N TRPs or N sets of NZP CSI-RS resources each asscciated with a different one of the
N TRPs. The method further comprises requesting a CS| feedback from the wireless

device based on the configuration and receiving, from the wireless device, CSI based on
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a selected preferred subset of the NZP CSI-RS resources comprised in the N NZP CSI-
RS resources or the N sets of NZP CSi-RS resources.

{0055] In some embodiments, a base station for CS| feedback comprises processing
circuitry configured {0 cause the base station to provide, to a wireless device, a
configuration comprising N NZP CSI-RS resouices each a ated with a different one
of N TRPs or N sets of NZP CSI-RS resources each associated with a different one of the
N TRPs. The processing circuitry is further configured to cause the base station to
request a CSi feedback from the wireless device based on the configuration and receive,
from the wireless device, CSI based on a selected preferred subset of the NZP CSI-RS
resources comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS

resources.

Brief Description of the Drawings

[0056] The accompanying drawing figures incorporated in and forming a part of this
specification iliustrate severai aspects of the disclosure, and together with the description
serve to explain the principles of the disclosure.

{0057] Figure 1 iiiustrates the Third Generation Parinership Project (3GPP) New
Radio (NR) time-domain frame structure for a 15 kilohertz (kHz) subcarrier spacing;
{0058] Figure 2 iliustraies the NR physicai resource grid:

[0059] Figure 3 illustrates a transmission structure for precoded spatial multiplexing;
[0060] Figure 4 iilustrates NR data transmission over several Multiple input Muitipie
Output (MIMO) layers;

{0061] Figure 5 shows an exampie of Channel State information (CSI) Reference
Signal (CSI-RS) Resource Elements (REs) for twelve antenna ports, where one RE per
Resource Block (RB) per port is shown;

[0062] Figure 6 illustrates an example of Non-Coherent Joint Transmission (NC-JT);
{0063] Figure 7 illustrates an example of transmission of a single codeword over
multiple Transmission Points (TRPs);

[0064] Figure 8 illustrates an exam
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sion of a same data packet over

multiple TRPs;
[0065] Figure 9 illustrates one example of a cellular communications network in CS|

S SRR N H

for multiple TRPs is provided according to some embodiments of the present disclosure;

[0066] Figure 10 illustrates the operation of a base station and a wireless device for
CSI feedback for multiple TRPs in accordance with embodiments of the present
disclosure;
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[0067] Figure 11 illustrates the operation of a base station and a wireless device for
CSl feedback for multiple TRPs in accordance with some other embodiments of the

present disclosure;

[0068] Figures 12 through 14 illustrate example embodiments of a radio access node,
such as a base station, in accordance with some embodiments of the present disclosure;

[0069] Figures 15 and 16 illustrate example embodiments of a wireless device;
{0070] Figure 17 ilustraies an exampie communication system in which
embodiments of the present disclosure may be implemented;

{G871] Figure 18 iilustrates exampie embodiments of the host computer, base station,
and User Equipment (UE} of Figure 17; and

[0072] Figures 19 to 22 are flowcharts illustrating example methods implemented in a

communication system in accordance with embodiments of the present disclosure.

Detailed Description

[0073] The embodiments set forth below represent information to enable those skilled
in the art to practice the embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in light of the accompanying
drawing figures, those skilied in the art will understand the concepts of the disciosure and
will recognize applications of these concepts not particularly addressed herein. It should
be understood that these concepts and applications fall within the scope of the
disclosure.

[0074] Radio Node: As used herein, a “radio node” is either a radio access node or
a wireless device.

[0075]1 Radio Access Node or Transmission Point (TRP): As used herein, a “radio
access node” or “radio network node” or TRP is any node in a Radio Access Network
(RAN) of a cellular communications network that operates to wirelessly transmit and/or
receive signals. Some examples of a radio access node include, but are not limited to, a
base station (e.g., a New Radio (NR) base station (gNB) in a Third Generation
Partnership Project (3GPP) Fifth Generation (5G) NR network or an enhanced or evolved
Node B (eNB) in a 3GPP Long Term Evolution (LTE) network), a high-power or macro
base staticn, a low-power base station (e.g., 2 micre base station, a pico base station, a
home eNB, or the like), and a relay node.

[0076]1 Core Network Node: As used herein, a “core network node” is any type of

node in a core network. Some examples of a core network node include, e.g., a Mobility
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Management Entity (MME), a Packet Data Network Gateway (P-GW), a Service
Capability Exposure Function (SCEF), or the like.

{0077] Wireiess Device: As used herein, a “wireiess device” is any type of device
that has access to (i.e., is served by) a cellular communications network by wirelessly
transmitting and/or receiving signals to a radic access node(s). Some examples of a
wireless device include, but are not limited to, a User Equipment device (UE) in a 3GPP
network and a Machine Type Communication (MTC) device.

[{0078] Network Node: As used herein, a “network node” is any node that is either
part of the RAN or the core network of a cellular communications network/system.
[0079] Note that the description given herein focuses on a 3GPP cellular
communications system and, as such, 3GPP temrminology or terminology similar to 3GPP
terminology is oftentimes used. However, the concepts disclosed herein are not limited
to a 3GPP system.

[0080]1 Note that, in the description herein, reference may be made to the term “cell”;
however, particularly with respect to 5G NR concepts, beams may be used instead of
cells and, as such, it is important to note that the concepts described herein are equaliy
applicable to both ceils and beams.

[(G081] There currently exist certain chaiienge(s). First, only Dynamic Point Seiection
(DPS) based multi-TRP transmission is currently supported in NR. For Non-Coherent
Jeint Transmission (NC-JT), although LTE like Channe! State Information (CS!) feedback
could be similarly used in NR, there are some limitations, e.g., the NC-JT specified in LTE
is limited to two TRPs, each with up to eight antenna ports, and TRP selection is done by
the eNB, i.e. no dynamic UE selection of two TRPs from more than two TRP candidates.
Second, when the UE is allowed to select M out of N TRPs or select one from multiple
transmission hypotheses, an issue is that the CS! payload can be different for different
values of M or different hypotheses. It would be difficult for the gNB to schedule the right
amount of Physical Uplink Shared Channel (FUSCH) resources to carry this CSI payioad.
In addition, if the PUSCH resource is allocated based on the worst case CSI payload
while the actual CSI payload may be smaller, there is an issue on how to determine and
decode the actual CSi payload correctly at the gNB.

{0082] Cenain aspects of the present disclosure and their embodiments may provide
solutions to the aforementioned or other challenges. In some embodiments, the sclution
allows a UE to select M out N TRPs for data transmission, where both M and N are

signaled by the base station (e.g., gNB in the case of NR) to the wireless device (e.g.,



10

15

20

NJ
ul

30

35

20190

16

UE), so the CSI payload is deterministic and is known to the base station (e.g., gNB) so
the correct amount of PUSCH resources can be scheduled for carrying the CSI.

L{0083] in some other embodiments, the UE is aliowed to select a variabie number of
TRPs, M<=N, out of N TRPs. Further, in some embodiments, the number of selected
TRPs is encoded separately so that when a PUSCH camnying the CSl is received by the
base station (e.g., gNB), the base station (e.g., gNB) can decode the CSI correctly.
{0084] Certain embodiments may provide one or more of the following technical
advantage(s). The solutions allow a UE to select the best TRPs for data transmission
over multiple TRPs and feed back the corresponding CSI, while allowing the gNB to
decode the CSI feedback correctly without any ambiguity.

[0085] Figure 9 illustrates one example of a cellular communications network 900
according to some embodiments of the present disclosure. In the embodiments
described herein, the cellular communications network 900 is a 5G NR network; however,
the embodiments described herein are not limited thereto. In this example, the celluiar
communications network 900 includes base stations 902-1 and 902-2, which in 5G NR
are referred to as gNBs, controlling corresponding macro cells 904-1 and 904-2. The
base stations 902-1 and 902-2 are generally referred to herein collectively as base
stations 902 and individually as base station 902. Likewise, the macro cells 904-1 and
904-2 are generally referred to herein collectively as macro cells 904 and individually as
macro cell 204. The cellular communications network 900 mav also include a number of
low power nodes 906-1 through 906-4 controlling corresponding small cells 908-1
through 908-4. The low power nodes 906-1 through 906-4 can be small base stations
(such as pico or femto base stations) or Remote Radio Heads (RRHSs), or the like.
Notably, while not illustrated, one or more of the small cells 908-1 through 908-4 may
aitemnatively be provided by the base stations 902. The low power nodes 906-1 through
906-4 are generally referred to herein collectively as low power nodes 906 and
individually as low power node 806. Likewise, the small cells 208-1 through 208-4 are
generally referred to herein collectively as small cells 908 and individually as small cell
908. The base stations 902 (and optionally the low power nodes 906) are connected to a
core network 910.

[0086] The base stations 902 and the low power nodes 908 provide service to
wireless devices 912-1 through 912-5 in the corresponding cells 904 and 908. The
wireless devices 912-1 through 912-5 are generally referred to herein collectively as

wireless devices 912 and individually as wireless device 912. The wireless devices 912
are also sometimes referred to herein as UEs.
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UE Selects M out of N TRPs with M Being Signaled to the UE

[0087] In some embodiments, a UE (e.g., wireless device 912) selects M out of N

TRPs with M being signaled to the UE.

[0088] More specifically, in some embodiments, a UE is either configured with N Non-

Zero Power (NZP) CSi Reference Signai (CSi-RS) resource seitings in a CSi reporting

setting for channel measurement, each associated with one of N TRPs, or configured

with VN CSI-RS rescurces within an NZP CSI-RS resource setting in a CSl reporting
TRPs. The UE may

also be signaled with the same number of CS! Interference Measurement (CSI-IM)

setting for channel measurement, each associated with one of N

(and/or NZP CSI-RS) resources for interference measurement, each associated with one
of the CSI-RS resource settings or the CSI-RS resources for channel measurement,
respectively. In addition, the UE is signaled to select M (<=N) preferred TRPs, where M
is also signaled to the UE, either explicitly or implicitly. With M being signaled to the UE
(for instance via Radio Resource Control (RRC) signaling), the CSI payload size is
deterministic and is known to both the gNB and the UE.

[0089] In the CSI report, the UE feeds back the M selected TRPs in the form of the
identifiers (IDs) of the selected NZP CSI-RS resource settings or NZP CSI-RS resources.
These IDs may typicaily be iocai iDs, i.e. it refers to a position in a list, for exampie
comprised in CS/-ReportConfig, rather than a global ID, in order to minimize the feedback
payload. For instance, they may be conveyed as a number of CSI-RS Rescurce
Indicator (CRI) parameters. Altematively, a size-N bitmap may be used, where each bit is
associated with NZP CSI-RS resource settings or NZP CSI-RS resource (and thus
indirectly one TRP) and a value of ‘1’ indicates the corresponding NZP CSI-RS resource
settings or NZP CSI-RS resource is selected while a value of ‘0’ indicates the NZP CSlI-
RS resource settings or NZP CSI-RS resource is not selected. An altemative approach is
to jointly encode the selected NZP CSI-RS resource settings or NZP CSI-RS resources to
reduce the feedback overnead. For instance, the number of combinations for choosing M
out of N TRPs is (;;) and hence the number of bits needed can be reduced to [log,(%)]
bits.

[0090] For each selected TRP, the estimated rank and precoding matrix are also
reported. When separate codewords are used in each TRP, a Channei Quality indicator
(CQl) is also reported for each TRP, with inter-TRP interference being considered. In
case a single codeword is used across the TRPs, then a single CQIl is reported
conditioned on the reported ranks and precoding matrices.
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[0091] In some scenarios, the gNB may want to restrict the rank for each TRP and
signal the rank restriction per each of the N CSI-RS resources associated with the CSIi
reporting setting. For example, the gNB may want to transmit a single layer from each
TRP. In this case, the UE would measure and report CSi assuming the restricted rank in
each of the N CSI-RS resources coiresponding to the N TRPs.

[0092] In a related embodiment, the UE may be allowed to also search for NC-JT
involving fewer TRPs than the signaled value M. If the best scluticn involves K TRPs,
with K < M, it could still be worthwhile to feed back a CS! report with M sets of Precoding
Matrix Indicator (PMI) / Rank Indicator (Rl) / CQI. Apart from the advantage of
maintaining a fixed CSI| payload, the available M — K sets of PMI/RI/CQI can be used to
provide CSI for altemative kinds of transmission, e.g., DPS. Indeed, for M = 2, e.g., the
CSl report could either convey CSI for 2-TRP NC-JT, or CSI for DPS between two TRPs.
In this embodiment, the CSI report would need to be complemented to specify 1) K; 2)
the subset of K out of M TRPs for the NC-JT CSI; as weil as 3) the subset of M — K out of
M TRPs for the DPS CSI. Alternatively, it could be specified that the M — K sets of
PMI/RI/CQY instead refer to CSl for a second NC-JT invelving M — K TRPs.

UE selects M out of N TRPs with M Being Determined by the UE

[0083] In some embodiments, the UE selects M out of N TRPs, where M is
determined by the UE.

[0094] More specifically, in some embodiments, a UE is either configured with N NZP
CSI-RS resource settings in a CSI reporting setting for channel measurement, each
associated with one of N TRPs, or configured with N CSI-RS resources within an NZP
CSI-RS resource setting in a CSl reporting setting for channel measurement, each
associated with one of N TRPs. The UE may also be signaled with the same number of
CSI-IM (and or NZP CSI-RS) resources for interference measurement, each associated
with one of the CSI-RS resource settings or the CSI-RS resources for channel
measurement, respectively. The UE is allowed to select M (<=N) preferred TRPs out of
the N TRPs, where M is determined by the UE. In this case, the CS! payload size may
change with each CSi reporting occasion, depending on the value of M, and is thus
unknown to the gNB.

[0095] In one embodiment, the CSI report is divided into two parts. The first part has
a fixed payload size and is known to the gNB based on the CS! configuration. The
number of selected TRPs, M, is included in the first CSi part and can be decoded by the
gNB without multiple blinding deceding attempts using multiple hypotheses of different
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payload, since the payload size is fixed and known. After decoding the first part correctly,
the payload size of the second part can be determined and thus the second part can also
be decoded.

[{0096] In case the scheduled PUSCH resource is not enough to carry the full CSI
repor, it is assumed that the first part of the CSI report still can be carried and decoded.
The second part of the CSl report may be truncated with certain CSI parameters being

dropped. Dropping rules can be defined so that both the gNB and the UE know what has

Lo S Y

been dropped.

[0097] Alternatively, the number of selected TRPs may be reduced, for example from
three to one, so that the second part of the CSI can fit in the scheduled PUSCH resource.

CSI Feedback for Dynamic Switching Between Diversity-Based and Spatial Multiplexing-
Based Transmission from Multipile TRPs

{0098] When it comes to transmission from muitipie-TRPs, it is possibie to receive
either diversity based transmission or spatial multiplexing based transmission. In some
scenarios, a UE may have enhanced Mobile Broadband (eMBB) and Ultra-Reliable and

Low Latency Communication (URLLC) type of traffic serviced simultaneously. Hence, the

(PDSCH) being transmitted from the selected muitiple TRPs should be treated either (1)
by combining layers from the selected muitiple TRPs (i.e., diversity based transmission)
or (2) by performing layer independent decoding from the selected multiple TRPs (i.e.,
spatial multiplexing based transmission).
[0099] Hence, for CSI feedback, the UE’s CSI report should reflect the possibility to
dynamically switch between diversity based transmission and spatial multiplexing based
transmission from the seiected muitipie TRPs. This can be satisfied by having different
reporting quantities such as:

1. CSI reporting for diversity-based transmission where a UE reports a CSi

assuming combining of layers from selected multiple TRPs

N

CSI reporting for spatial multiplexing-based transmission where a UE reports CSlI
assuming per layer independent decoding from selected multiple TRPs

[0100] One way of realizing this is for the UE to feed back a Hypothesis Index (HI)
where different Hls define a particular type of transmission. The gNB can predefine the
particular type of transmission for each HI. An example is shown in Table 2 below. In
this table, NZP CSI-RS IDs A and B are associated with two different TRPs A and B. If
the UE feedback Hi=0 or HI=1, then this corresponds to receiving DPS based
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transmission from TRPs A and B respectively. If the UE feeds back Hi=4, then this is for
receiving NC-JT from TRPs A and B, and the CSI is calculated assuming the layers
transmitted from TRPs A and B are independent. If Hi=5 is fed back by the UE, then this
is for receiving diversity based transmission and the CSI| is calculated assuming

combining of layers from TRPs A and B.

Table 2
HI | NZP CSI-RS ID A | NZP CSI-RS ID B | Transmission mode
0 | Desired Off DPS
1 | Off Desired DPS
2 | Desired Interferer MU-MIMO
3 | Interferer Desired MU-MIMO
4 | Desired Desired NC-JT
5 | Desired Desired Diversity based transmission

[0101] In other embodiments, the CSI report configuration includes an instruction if
the UE shall report CSI according to the assumption on diversity-based transmission or
spatial muitiplexing-based transmission. The UE may in some such embodiments be
configured with two (or more) CSI-ReportCenfigs to report two sets of CSI, one for each
assumption.

[0102] in other embodiments, the observation that PMI/RI report per TRP may be the
same regardless of if the hypothesis is diversity-based or spatial multiplexing (SM) based
transmission is utilized and the UE feeds back two sets of CQI reports, one for each

hypothesis, but only a single PMI/RI report for each TRP.

Additional Descrniption

[0103] Figure 10 illustrates the operation of a base station (e.g., gNB) and a UE in
accordance with at least some aspects of the embodiments described above. The base
station may be, e.g., a base station 902 or 906 and the UE may be, e.g., a UE 912. As
illustrated, the base station sends, to the UE, a configuration of either: (a) N CSI-RS
resource settings containing N NZP CSI-RS resources each associated with a different
one of N TRPs or (b) N sets of NZP CSI-RS resources each associated with a different
one of the N TRPs (step 1000). The base station sends, to the UE, a request for CS!i
feedback (step 1002). The UE selects a preferred subset of the NZP CSI-RS resources

(step 1004). In some embodiments, if the configuration is of N CSI-RS resource settings
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containing N NZP CSI-RS resources, the preferred subset of the NZP CSI-RS resources
is a subset of those N CSI-RS resources. In some embodiments, if the configuration is of
N sets of NZP CSI-RS resources, then the preferred subset of the NZP CSI-RS resources
is one or more of the N sets of NZP CSI-RS resources. The selected preferred subset of
NZP CSI-RS rescurces then corresponds to a preferred subset of the N TRPs. In some
embodiments, N22, and the preferred subset of the NZP CS-RS resources is M of the
NZP CSI-RS resources where M<N. In some embodiments, M=1. In some other
embodiments, M22. As described above, the number M is configured for the UE, e.g., by
the base station. In some other embodiments, the number M is determined by the UE.
The UE then reports CSI to the base station based on the selected preferred subset of
the NZP CSI-RS resources (step 1006).

[0104] As described above, in some embodiments, the size (i.e., value of M) of the
preferred subset is signaled to the UE, either semi-statically or dynamically. In some

other embodiments, the size of the preferred subset is determined by the UE.

[0105] In some embodiments, the CSI reported to the base station contains identities
of the NZP CSI-RS resources in the seiected preferred subset. The identities can be
indices of the NZP CSI-RS resources within the set of NZP CSI-RS resources configured
in the CSI reperting setting. In socme embodiments, in order to contain the identities of
the NZP CSI-RS resources in the selected preferred subset, the CSI includes a bitmap
that provides the identities of the NZP CSI-RS resources of the selected preferred subset,
where each bit in the bitmap is associated with a configured NZP CSI-RS resource in the
CSlI reporting setting and where a bit value of ‘1’ indicates that the corresponding NZP
CSI-RS resource is selected and a value of ‘0’ otherwise (or vice versa). The number of

bits with ‘1’ is equal to the size of the preferred subset.

[0106] In some embodiments, the maximum rank may be restricted for each of the
muitipie NZP CSI-RS resources and the restriction may be signaled to the UE.

{0107] Iin some embodiments, the preferred subset of the NZP CSI-RS resources
corresponds to a preferred subset of the N TRPs for a PDSCH transmission to the UE,
where the PDSCH transmission can be NC-JT, DPS, or diversity combining.

[0108] In some embodiments, the CSI report contains a first part and a second part,
where the size of the selected preferred subset is enceded in the first part. In some
embodiments, the first part has a predefined payload size and is encoded first before
encoding the second part at the UE. Further, in some embodiments, some part of the

CSl in the second part may be dropped without reporting if the scheduled resource is not
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enough to carry the full CSl content. In some embodiments, the first part is decoded first
at the base station.

[{0109] in some embodiments, the base station further configures the UE with a list of
transmission hypothesis over the configured NZP CSI-RS resources. In some
embodiments, the iist of hypothesis comprises NC-JT, DPS, or diversity combining over
one or more of the NZP CSI-RS rescurces. In some embodiments, selecting the
preferred subset comprises selecting one hypothesis out of the list of the hypothesis. In
some embodiments, reporting the CSI| further comprises reporting the selected
hypothesis.

[0110] In some embodiments, the base station provides, to the UE, two or more CSI
reporting configurations, each for one transmission mode, whether NC-JT, DPS, or

diversity combining, and the UE is instructed to feedback two or more CSl reports.

[0111] in some embodiments, the CSI report comprises a common CS| containing
Ris and PMis for each of the multiple NZP CSI-RS resources and two or more CQls,

each for a different transmission mode.

[0112] in some embodiments, the sets of NZP CSI-RS resources are in either a
single CSI-RS resource setting or multiple CSI-RS resource settings.

{G113] in some embodimenis, base station sends the request for CSi feedback either
semi-statically over, e.g., RRC signaling or dynamically over, e.g., Physical Downlink
Control Channel (PDCCH).

[0114] In some embodiments, selecting the preferred subset at the UE comprises
comparing data throughputs and selecting the TRPs that can provide the maximum
throughput.

T0115] Figure 11 illustrates the operation of a base station (e.g., gNB) and a UE in
accordance with at least some aspects of the embodiments described above. Note that
optional steps are indicated with dashed lines. This embodiment is substantially the
same as that of Figure 10 other than “N” being replaced by “one or more” and the steps
being optional to indicate that not all steps are required in all embodiments or
implementations. As illustrated, the base station sends, to the UE, a configuration of
either: (a) one or more CSI-RS resource settings containing one or more NZP CSI-RS
resources each associated with a different one of one or more TRPs or (b) one or more
sets of NZP CSI-RS resources each associated with a different one of the one or more
TRPs (step 1100). The base station sends, to the UE, a request for CS! feedback (step
1102). The UE selects a preferred subset of the NZP CSI-RS resources (step 1104).
The selected preferred subset of NZP CSI-RS resources then corresponds to a preferred
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subset of the one or more TRPs. The UE then reports CSI to the base station based on
the selected preferred subset of the NZP CSI-RS resources (step 11086).

f{0116] Note that the remaining details provided above with respect to Figure 10 are
equally applicable here to Figure 11.

{G1i17] Figure 12 is a schematic biock diagram of a radio access node 1200
according to some embodiments of the present disclosure. The radio access node 1200
may be, for example, a base station 902 or 906. As illustrated, the radic access node
1200 includes a control system 1202 that includes one or more processors 1204 (e.g.,
Central Processing Units (CPUs), Application Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGAs), and/or the like), memory 1206, and a network
interfface 1208. The one or more processors 1204 are also referred to herein as
processing circuitry. In addition, the radio access node 1200 includes one or more radio
units 1210 that each includes one or more transmitters 1212 and one or more receivers
1214 coupled to one or more antennas 1216. The radio units 1210 may be referred to or
be part of radio interface circuitry. In some embodiments, the radio unit(s) 1210 is
extemai to the control system 1202 and connecied to the control system 1202 via, e.g., a
wired connection (e.g., an optical cable). However, in some other embodiments, the
radio unit(s} 1210 and potentially the antenna(s) 1216 are integrated together with the
control system 1202. The one or more processors 1204 operate to provide one or more
functions of a radio access node 1200 as described herein. In some embodiments, the
function(s) are implemented in software that is stored, e.g., in the memory 1206 and

executed by the one or more processors 1204.

[0118] Figure 13 is a schematic block diagram that illustrates a virtualized
embodiment of the radio access node 1200 according to some embodiments of the
present disciosure. This discussion is equaily appiicabie to other types of network nodes.
Further, other types of network nodes may have similar virtualized architectures.

{0119] As used herein, a “virtualized” radio access node is an implementation of the
radio access node 1200 in which at least a portion of the functionality of the radio access
node 1200 is implemented as a virtua! component(s) {(e.g., via a virtual machine(s)
executing on a physical processing node(s) in a network(s)). As illustrated, in this
example, the radio access node 1200 includes the control system 1202 that includes the
one or more processors 1204 (e.g., CPUs, ASICs, FPGAs, and/or the like), the memory
1206, and the network interface 1208 and the one or more radio units 1210 that each
includes the one or more transmitters 1212 and the one or more receivers 1214 coupled

to the one or more antennas 1216, as described above. The control system 1202 is
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connected to the radio unit(s) 1210 via, for example, an optical cabie or the like. The
control system 1202 is connected to one or more processing nodes 1300 coupled to or
included as part of a network{s) 1302 via the network interface 1208. Each processing
node 1300 include

s one or more processors 1304 (e.g., CPUs, ASICs, FPGAs, and/or
the like), memery 1308, and a network interface 1308,

'~

[01208] In this example, functions 1310 of the radio access node 1200 described
herein are implemented at the one or more processing nodes 1300 or distributed across
the control system 1202 and the one or more processing nodes 1300 in any desired
manner. In some particular embodiments, some or all of the functions 1310 of the radio
access node 1200 described herein are implemented as virtual components executed by
one or more virtual machines implemented in a virtual environment(s) hosted by the
processing node(s) 1300. As will be appreciated by one of ordinary skill in the art,
additional signaling or communication between the processing node(s) 1300 and the
control system 1202 is used in order to carry out at least some of the desired functions
1310. Notably, in some embodiments, the control system 1202 may not be included, in
which case the radic unit(s) 1210 communicate directly with the processing node(s) 1300
via an appropriate network interface(s).

01211 Insome embodiments, a computer program including instructions which, when
executed by at least one processor, causes the at least one processor to carry out the
functionality of radio access node 1200 or a node (e.g., a processing node 1300)
implementing one or more of the functions 1310 of the radio access node 1200 in a
virtual environment according to any of the embodiments described herein is provided. In
some embodiments, a carrier comprising the aforementioned computer program product
is provided. The carrier is one of an electronic signal, an optical signal, a radio signal, or
a computer readable storage medium (e.g., a non-transitory computer readable medium
such as memory).

10122] Figure 14 is a schematic block diagram of the radio access node 1200

according to some other embodiments of the present disclosure. The radio access node
1200 includes one or more meodules 1400, each of which is implemented in software.
The module(s) 1400 provide the functionality of the radio access node 1200 described
herein. This discussion is equally applicable to the processing node 1300 of Figure 13
where the modules 1400 may be implemented at one of the processing nodes 1300 or
distributed across multiple processing nodes 1300 and/or distributed across the
processing node(s) 1300 and the control system 1202.
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[0123] Figure 15 is a schematic block diagram of a UE 1500 according to some
embodiments of the present disclosure. As illustrated, the UE 1500 includes one or more
processors 1502 (e.g., CPUs, ASICs, FPGAs, and/or the like), memory 1504, and one or
more transceivers 1506 each including one or more transmitters 1508 and one or more
receivers 1510 coupled {o one or more antennas 1512. The transceiver(s) 1508 includes
radio-front end circuitry connected to the antenna(s) 1512 that is configured to condition
signals communicated between the antenna(s) 1512 and the processor(s) 1502, as will
be appreciated by on of ordinary skill in the art. The processors 1502 are also referred to
herein as processing circuitry. The transceivers 1506 are also referred to herein as radic
circuitry. In some embodiments, the functionality of the UE 1500 described above may
be fully or partially implemented in software that is, e.g., stored in the memory 1504 and
executed by the processor(s) 1502. Note that the UE 1500 may include additional
components not illustrated in Figure 15 such as, e.g., one or more user interface
components (e.g., an input/output interface including a display, buttons, a touch screen, a
microphone, a speaker(s), and/or the like and/or any other components for allowing input
of information into the UE 1500 and/or allowing output of information from the UE 1500),
a power supply (e.g., a battery and associated power circuitry), etc.

[{0124] in some embodiments, a computer program including instructions which, when
executed by at least one processor, causes the at least one processor to carry out the
functionality of the UE 1500 according to any of the embodiments described herein is
provided. In some embodiments, a carrier comprising the aforementioned computer
program product is provided. The carrier is one of an electronic signal, an optical signal,
a radio signal, or a computer readable storage medium (e.g., a non-transitory computer
readable medium such as memory).

{0125] Figure 16 is a schematic biock diagram of the UE 1500 according to some
other embodiments of the present disclosure. The UE 1500 includes one or more
modules 1600, each of which is implemented in software. The module(s) 1600 provide
the functionality of the UE 1500 described herein.

[0126] With reference to Figure 17, in accordance with an embodiment, a
communication system includes a telecommunication network 1700, such as a 3GPP-
type cellular network, which comprises an access network 1702, such as a RAN, and a
core network 1704. The access network 1702 comprises a plurality of base stations
1706A, 1706B, 1706C, such as Node Bs, eNBs, gNBs, or other types of wireless Access
Points (APs), each defining a corresponding coverage area 1708A, 1708B, 1708C. Each
base station 1706A, 1706B, 1706C is connectable to the core network 1704 over a wired
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or wireless connection 1710. A first UE 1712 located in coverage area 1708C is
configured to wirelessly connect to, or be paged by, the corresponding base station
1706C. A second UE 1714 in coverage area 1708A is wireiessly connectable to the
corresponding base station 1706A. While a plurality of UEs 1712, 1714 are illustrated in
this example, the disclosed embcediments are equally applicable to a situation where a
sole UE is in the coverage area or where a sole UE is connecting to the corresponding
base station 1706.

[0127] The telecommunication network 1700 is itself connected to a host computer
1716, which may be embodied in the hardware and/or software of a standalone server, a
cioud-implemented server, a distributed server, or as processing resources in a server
farm. The host computer 1716 may be under the ownership or control of a service
provider, or may be operated by the service provider or on behalf of the service provider.
Connections 1718 and 1720 between the telecommunication network 1700 and the host
computer 1716 may extend directly from the core network 1704 to the host computer
1716 or may go via an optional intermediate network 1722. The intermediate network
1722 may be one of, or a combination of more than one of, a public, private, or hosted
network; the intermediate network 1722, if any, may be a backbone network or the
Internet; in particular, the intermediate network 1722 may comprise two or more sub-
networks (not shown).

[0128] The communication system of Figure 17 as a whole enables connectivity
between the connected UEs 1712, 1714 and the host computer 1716. The connectivity
may be described as an Over-the-Top (OTT) connection 1724. The host computer 1716
and the connected UEs 1712, 1714 are configured to communicate data and/or signaling
via the OTT connection 1724, using the access network 1702, the core network 1704,
any intermediate network 1722, and possible further infrastructure {(not shown) as
intermediaries. The OTT connection 1724 may be transparent in the sense that the
participating communication devices through which the OTT connection 1724 passes are
unaware of routing of uplink and downlink communicaticns. For example, the base
station 1706 may not or need not be informed about the past routing of an incoming
downlink communication with data originating from the host computer 1716 to be
forwarded (e.g., handed over) to a connected UE 1712. Similarly, the base station 1706
need not be aware of the future routing of an outgoing upiink communication originating
from the UE 1712 towards the host computer 1716.

{G129] Example implementations, in accordance with an embodiment, of the UE,
base station, and host computer discussed in the preceding paragraphs will now be

described with reference to Figure 18. In a communication system 1800, a host
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computer 1802 comprises hardware 1804 including a communication interface 1806
configured to set up and maintain a wired or wireless connection with an interface of a
different communication device of the communication system 1800. The host computer
1802 further comprises processing circuitry 1808, which may have storage and/or
processing capabilities. In particular, the processing circuitry 1808 may comprise one or
more programmable processors, ASICs, FPGAs, or combinations of these (not shown)
adapted to execute instructions. The host computer 1802 further comprises software
1810, which is stored in or accessible by the host computer 1802 and executable by the
processing circuitry 1808. The software 1810 includes a host application 1812. The host
application 1812 may be operable to provide a service to a remote user, such as a UE
1814 connecting via an OTT connection 1816 terminating at the UE 1814 and the host
computer 1802. n providing the service to the remote user, the host application 1812
may provide user data which is transmitted using the OTT connection 1816.

{01i30] The communication system 1800 further inciudes a base station 1818
provided in a telecommunication system and comprising hardware 1820 enabling it to
communicate with the host computer 1802 and with the UE 1814. The hardware 1820
may include a communication interface 1822 for setting up and maintaining a wired or
wireless connection with an interface of a different communication device of the
communication system 1800, as well as a radio interface 1824 for setting up and
maintaining at least a wireless connection 1826 with the UE 1814 located in a coverage
area (not shown in Figure 18) served by the base station 1818. The communication
interface 1822 may be configured to facilitate a connection 1828 to the host computer
1802. The connection 1828 may be direct or it may pass through a core network (not
shown in Figure 18) of the telecommunication system and/or through one or more
intermediate networks outside the telecommunication system. in the embodiment shown,
the hardware 1820 of the base station 1818 further includes processing circuitry 1830,
which may comprise cone or more programmable processors, ASICs, FPGAs, or
combinations of these (not shown) adapted to execute instructions. The base station
1818 further has software 1832 stored internally or accessible via an external connection.
[0131] The communication system 1800 further includes the UE 1814 already
referred to. The UE’s 1814 hardware 1834 may include a radio interface 1836 configured
to set up and maintain a wireless connection 1826 with a base station serving a coverage
area in which the UE 1814 is currently located. The hardware 1834 of the UE 1814
further includes processing circuitry 1838, which may comprise one or more
programmable processors, ASICs, FPGAs, or combinations of these (not shown) adapted

[N Y g £,

to execute instructions. The UE 1814 further comprises software 1840, which is stored in
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or accessible by the UE 1814 and executable by the processing circuitry 1838. The
software 1840 includes a client application 1842. The client application 1842 may be
operable to provide a service to a hurnan or non-human user via the UE 1814, with the
support of the host computer 1802. In the host computer 1802, the executing host
application 1812 may communicate with the executing client application 1842 via the OTT
connection 1816 terminating at the UE 1814 and the host computer 1802. In providing
the service to the user, the client application 1842 may receive request data from the host
application 1812 and provide user data in response to the request data. The OTT
connection 1816 may transfer both the request data and the user data. The client
application 1842 may interact with the user to generate the user data that it provides.
[0132] it is noted that the host computer 1802, the base station 1818, and the UE
1814 illustrated in Figure 18 may be similar or identical to the host computer 1716, one of
the base stations 1706A, 1706B, 1706C, and one of the UEs 1712, 1714 of Figure 17,
respectively. This is to say, the inner workings of these entities may be as shown in
Figure 18 and independently, the surrounding network topology may be that of Figure 17.
[0133] in Figure 18, the OTT connection 1816 has been drawn abstractly to illustrate
the communication between the host computer 1802 and the UE 1814 via the base
station 1818 without explicit reference to any intermediary devices and the precise routing
of messages via these devices. The network infrastructure may determine the routing,
which may be configured to hide from the UE 1814 or from the service provider operating
the host computer 1802, or both. While the OTT connection 1816 is active, the network
infrastructure may further take decisions by which it dynamically changes the routing
(e.g., on the basis of load balancing consideration or reconfiguration of the network).
[0134] The wireless connection 1826 between the UE 1814 and the base station
1818 is in accordance with the teachings of the embodiments described throughout this
disclosure. One or more of the various embodiments improve the performance of OTT
services provided to the UE 1814 using the OTT connection 1816, in which the wireless
connection 1826 forms the last segment. More precisely, the teachings of these
embodiments may improve, e.g., data rate, latency, and/or power consumption and
thereby provide benefits such as, e.g., reduced user waiting time, relaxed restriction on
file size, better responsiveness, and/or extended battery lifetime.

[0135] A measurement procedure may be provided for the purpose of monitoring
data rate, latency, and other factors on which the one or more embodiments improve.
There may further be an optional network functionality for reconfiguring the OTT
connection 1816 between the host computer 1802 and the UE 1814, in response to
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variations in the measurement results. The measurement procedure and/or the network
functionality for reconfiguring the OTT connection 1816 may be implemented in the
software 1810 and the hardware 1804 of the host computer 1802 or in the software 1840
and the hardware 1834 of the UE 1814, or both. In some embodiments, sensors (not
shown) may be deployed in or in association with communication devices through which
the OTT connection 1816 passes; the sensors may participate in the measurement
procedure by supplving values of the monitored quantities exemplified above, or
supplying values of other physical quantities from which the software 1810, 1840 may
compute or estimate the monitored quantities. The reconfiguring of the OTT connection
1816 may include message format, retransmission settings, preferred routing, etc.; the
reconfiguring need not affect the base station 1818, and it may be unknown or
imperceptibie to the base station 1818. Such procedures and functionalities may be
known and practiced in the art. In certain embodiments, measurements may involve
proprietary UE signaling facilitating the host computer 1802’s measurements of
throughput, propagation times, latency, and the like. The measurements may be
implemented in that the software 1810 and 1840 causes messages to be transmitted, in
particular empty or ‘dummy’ messages, using the OTT connection 1816 while it monitors
propagation times, errors, etc.

[0136] Figure 19 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to
Figures 17 and 18. For simplicity of the present disclosure, only drawing references to
Figure 19 will be included in this section. In step 1900, the host computer provides user
data. In sub-step 1902 (which may be optional) of step 1900, the host computer provides
the user data by executing a host application. in step 1904, the host computer initiates a
transmission carrying the user data to the UE. In step 1906 (which may be optional), the
base station transmits to the UE the user data which was carried in the transmission that
the host computer initiated, in accordance with the teachings of the embodiments
described throughout this disclosure. In step 1908 (which may also be optional), the UE
executes a client application associated with the host application executed by the host
computer.

[0137] Figure 20 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to
Figures 17 and 18. For simplicity of the present disclosure, only drawing references to
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rigure 20 will be included in this section. i step 2000 of the method, the host computer
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provides user data. In an optional sub-step (not shown) the host computer provides the
user data by executing a host application. In step 2002, the host computer initiates a
transmission carrying the user data to the UE. The transmission may pass via the base
station, in accordance with the teachings of the embodiments described throughout this
disclosure. In step 2004 {which may be optional), the UE receives the user data carried
in the transmission.

[0138] Figure 21 is a flowchart illustrating a method implemented in a communication
system, in accordance with one embodiment. The communication system includes a host
computer, a base station, and a UE which may be those described with reference to
Figures 17 and 18. For simplicity of the present disciosure, only drawing references to
Figure 21 will be included in this section. in step 2100 (which may be optional), the UE
receives input data provided by the host computer. Additionally or altematively, in step
2102, the UE provides user data. In sub-step 2104 (which may be optional) of step 2100,
the UE provides the user data by executing a client appiication. in sub-step 2166 (which
may be optional) of step 2102, the UE executes a client application which provides the
user data in reaction to the received input data provided by the host computer. In
providing the user data, the executed client application may further consider user input
received from the user. Regardless of the specific manner in which the user data was
provided, the UE initiates, in sub-step 2108 (which may be optional), transmission of the
user data to the host computer. In step 2110 of the method, the host computer receives
the user data transmitted from the UE, in accordance with the teachings of the

embodiments described throughout this disclosure.

"o a2 oo

fU13Y] Figure 22 is a fiowchart iiiustrating a method impiemented in a communication
system, in accordance with one embodiment. The communication system includes a host

computer, a base station, and a UE which may be those described with reference t

(&)

Figures 17 and 18. For simplicity of the present disclosure, only drawing references to
Figure 22 will be included in this section. In step 2200 (which may be optional), in
accordance with the teachings of the embodiments described throughout this disclosure,
the base station receives user data from the UE. In step 2202 (which may be optional),
the base station initiates transmission of the received user data to the host computer. In
step 2204 (which may be optional), the host computer receives the user data carried in
the transmission initiated by the base station.

[0140] Any appropriate steps, methods, features, functions, or benefits disclosed
herein may be performed through one or more functional units or moduies of one or more
virtual apparatuses. Each virtual apparatus may comprise a number of these functional

units. These functional units may be implemented via processing circuitry, which may
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include one or more microprocessor or microcontrollers, as well as other digital hardware,
which may include Digital Signal Processcr (DSPs), special-purpose digital logic, and the
like. The processing circuitty may be configured io execute program code stored in
memory, which may include cne or several types of memory such as Read Only Memory
(ROM), Random Access Memory (RAM;), cache memoery, flash memory devices, optical
storage devices, etc. Program code stored in memeory includes program instructions for
executing one or more lelecommunications and/or data communications protocols as well
as instructions for carrying cut one or more of the techniques described herein. In some
impiementations, the processing circuitry may be used to cause the respective functional
unit to perform corresponding functions according one or more embodiments of the
present disclosure.

[0141] Whnile processes in the figures may show a particular order of operations
performed by certain embodiments of the present disclosure, it should be understood that
such order is exempiary {e.g., ailfemative embodimenis may perform the operations in a

different order, combine certain operations, cverlap certain operations, etc.).

{0142] Some exampie embodiments of the present disciosure are as follows:

Group A Embodiments

[0143] Embodiment 1: A method of CSl feedback for PDSCH transmission over
multiple TRPs in a wireless network, wherein the method comprises: configuring, by a
network node, a UE with a CSIl reporting setling containing multiple NZP CSI-RS
resources, each associated with one TRP, or muiltiple sets of NZP CSI-RS resources and
each set is associated with cne TRP; requesting g CS! feedback from the UE based on
the CSI reporting setting; selecting by the UE a preferred subset of the NZP CSI-RS
resources; reporting by the UE CSI based on the selecied preferred subset of the NZP
CSI-RS resources.

[0144] Embodiment 2: The method of embodiment 1, wherein the size of the
preferred subset is signaled to the UE, either semi-statically or dynamically.

[0145] Embodiment 3: The method of embodiments 1 and 2, wherein the CSI
contains the identities of the NZP CSI-RS resources of selected preferred subset. The
identities can be the indices of the NZP CSI-RS resources within the set configured in the
CSil reporting setting.

[0146] Embodiment 4 The method of embodiments 1 o 3, wherein the identities of
the NZP CSI-RS resources of selected preferred subset can be a bitmap and each bit is
associated with a configured NZP CSI-RS resource in the CSI reporting setting, wherein
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a bit value of ‘1’ indicates that the corresponding NZP CSI-RS resource is selected and a
value of ‘0’ otherwise. The number of bits with ‘1’ is equal to the size of the preferred

subsets.
[0147] Embodiment 5: The methcd of embodiments 1 to 4, wherein the maximum
rank may be restricted for each of the miltiple NZP CS8I-RS resources and the restriction
may be signaled to the UE.

101481 Embodiment

transmission can be NC

6. The method of embodiments 1 {6 5, wherein the PDSCH
-JT, DPS, or diversity combining.
01491 Embodiment 7: The method of embodiments 1 to 8, wherein the selected

preferred subset can be either for NC-JT, DPS, diversity combining or a combination of
the three.

[0150] Embodiment 8: The method of embodiment 1, wherein the size of the
preferred subset is determined by the UE.

[0151] Embodiment 9: The method of embodiments 1 and 8, wherein the CSI report
contains a first part and a second part, where the size of the selected preferred subset is
encoded in a first part.

[0152] Embodiment 10: The method of embodiment 9, wherein the first part has a
predefined payioad size and is encoded first before encoding the second part at the UE.
[0153] Embodiment 11: The metnhod of embodiment 10, wherein some part of the

[ ~ -~ ~ vand «sd H H IR Iaaalidad 2 H 4
CS! in the second part may be dropped without reporting if the scheduled resource is not

o

enough to carry the full CSl content.

[0154] Embodiment 12: The method of embodiments 9 to 11, wherein the first part is
decoded first at the network node.

{01551 Embodiment 13: The method of embodiment 1, wherein the configuring
further comprises configuring a list of transmission hypothesis over the configured
multiple NZP CSI-RS resources.

[0156] Embodiment 14: The method of embodiment 1 and 13, wherein the list of
hypothesis comprises NC-JT, DPS, or diversity combining over one or more of the NZP
CSI-RS resources.

[0157] Embodiment 15: The method of embodiments 1, 13, and 14, wherein the
selecting further comprises selecting one hypothesis out of the list of the hypothesis.
[0158] Embodiment 16: The method of embodiments 1 and 13 to 15, wherein the
reporting further comprises reporting the selected hypothesis.

[0159] Embodiment 17: The method of embodiment 1, wherein the configuring

further comprises configuring two or more CSI reporting configurations, each for one
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transmission mode, wither NC-JT, DPS, or diversity combining, and the UE is instructed
to feedback two or more CSl reports.

[0160] Embodiment i8: The method of embodiments 1 and 17, wherein the reporting
comprises a single CSi report containing rank and precoding matrix indicators for each of
the multiple NZP CSI-RS resources and two or more CQis, each for a different
transmission mode.

[0161] Embodiment 19: The method of embodiment 1, wherein the multiple sets of
NZP CSI-RS resources are in a either a single CSI-RS resource setting or multiple CSI-
RS resource settings.

[0162] Embodiment 20: The method of embodiment 1, wherein the requesting can

be either semi-statically over RRC signaling or dynamically over PDCCH.

[0163] Embodiment 21: The method of embodiment 1, wherein the selecting
comprises comparing data throughputs and selecting the TRPs that can provide the

maximum throughput.

[0164] Embodiment 22: A method for a wireless device for CS| Feedback, the
method comprising at least one of: receiving a CS! reporting setting comprising one or
more NZP CSI-RS resources, each NZP CSI-RS resource associated with at least one
TRP, and/or one or more sets of NZP CSI-RS resources and each set is associated with
at least one TRP; receiving a request for CSl feedback based on the CSI reporting
setting; selecting a preferred subset of the NZP CSi-RS resources; and reporting CSi
based on the selected preferred subset of the NZP CSI-RS resources.

{0165] Embodiment 23: The method of embodiment 22, wherein a size of the
preferred subset is signaled to the UE, for example either semi-statically or dynamicaily.

[0166] Embodiment 2

The method of any of embodiments 22 or 23, wherein the
CSl contains one or more identities of the one or more NZP CSI-RS resources of the
selected preferred subset, wherein, optionally, the one or more identities are one or more
indices of the NZP CSI-RS resources within a set configured in the CSI reporting setting.
[0167] Embodiment 25: The method of any of embodiments 22 - 24, wherein the
identities of the NZP CSI-RS resources of selected preferred subset can be a bitmap or
associated with a bitmap, and, optionally, each bit within the bitmap is associated with a
configured NZP CSI-RS resource in the CSIi reporting setting, wherein, optionally, a bit
value of ‘1’ indicates that the corresponding NZP CSi-RS resource is selected and a
value of ‘0’ otherwise, wherein, optionally, the number of bits with ‘1’ is equal to the size
of the preferred subsets.
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[0168] Embodiment 26: The method of any of embodiments 22 - 25, wherein a
maximum rank may be restricted for each of the multiple NZP CSI-RS resources and,
optionally, the restriction may be signaled to the UE.
[0169] Embodiment 27: The method of any of embodiments 22 - 26, wherein the
PDSCH transmission can be at ieast one of NC-JT, DPS, or diversity combining.
[0170] Embodiment 28: The method of any of embodiments 22 - 27, wherein the
selected preferred subset can be for either one or any combination of NC-JT, DPS,
diversity combining.

0171] Embodiment 29: The method of embodiment 22, wherein the size of the
preferred subset is determined by the UE.
[0172] Embodiment 3C: The method of any of embodiments 22 and 29, wherein the
CSl reporting (or CSI report) contains a first part and a second part, wherein, optionally, a
size of the selected preferred subset is encoded in a first part.
[0173] Embodiment 31: The method of embodiment 30, wherein the first part has a
predefined payload size and/or is encoded before encoding the second part.
[C174] Embodiment 32: The method of embodiment 31, wherein some part (or a
portion) of the CSI reporting included or equal to the second part is dropped without
reporting, for exampile if the scheduled resource is not enough (or insufficient) to carry the
full CSl content.
[0175] Embodiment 33: The method of any of embodiments 30 - 32, wherein the first
part is decoded first at the network node.
[0176] Embodiment 34: The method of embodiment 22, wherein the UE is
configured by a network node a UE with the CSI reporting setting, and with a list of
transmission hypothesis over ithe one or more NZF CSi-RS resources in the CSi
reporting setting.
[{0177] Embodiment 35: The method of any of embodiment 22 and 34, wherein a list
of hypothesis comprises any combination of NC-JT, DPS, or diversity combining over one
or mere of the NZP CSI-RS resources.
[0178] Embodiment 36: The method of any of embodiments 22, 34, and 35, wherein
the selecting further comprises selecting one hypothesis out of the list of the hypothesis.
[0179] Embodiment 37: The method of any of embodiments 22 and 34 to 35,
wherein the reporting further comprises reporting the selected hypothesis.
[0180] Embodiment 38: The method of embodiment 22, wherein the UE is
configured by a network node a UE with the CSI reporting setting, and with two or more

CSl reporting configurations, each for one transmission mode, any combination of NC-JT,
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DPS, or diversity combining, and, optionally, the UE is instructed to feedback two or more
CSl reports.

{0i81] Embodiment 39: The method of any of embodiments 22 and 38, wherein the
reporting comprises a common CSI containing rank and precoding matrix indicators for
each of the multiple NZP CSI-RS resources and two or more CQis, each for a different
transmission mode.

[0182] Embodiment 40: The method of embodiment 22, wherein the one or more
sets of NZP CSI-RS resources are in a either a single CSI-RS resource setting or
multiple CSI-RS resource settings.

[0183] Embodiment 41: The method of embodiment 22, wherein the requesting can
be either one or a combination of semi-statically over RRC signaling or dynamically
over PDCCH.

[0184] Embodiment 42: The method of embodiment 22, wherein the selecting
comprises comparing data throughputs and/or selecting the TRPs that can provide the
maximum throughput.

[0185] Embodiment 43: A method for a wireless device for CSI feedback, the method
comprising at least one of: receiving a configuration (e.g., a CSIl reporting setting)
comprising N NZP CSi-RS resources, each NZP CSi-RS resource associated with a
different one of N TRPs, and/or N sets of NZP CSI-RS resources and each set is
associated with a different one of the N TRPs; receiving a request for CSl feedback
based on the configuration (e.g., based on the CSI reporting setting); selecting a
oreferred subset of the NZP CSI-RS resources; and reporting CSI based on the selected

..... resources reporting CSI b select
preferred subset of the NZP CSI-RS resources.

[0186] Embodiment 44: The method of embodiment 43 wherein the preferred subset
of the NZP CSI-RS resources has a size M, where M<N.

[0187] Embodiment 45: The method of embodiment 44 wherein N=2.

[0188] Embodiment46: The method of embodiment 44 wherein N=3, and Mx1.
[0189]1 Embodiment 47: The method of embodiment 44 wherein N23, and M>2,

[0190] Embodiment 48: The method of any one of embodiments 43 to 47, wherein a
size of the preferred subset is signaled to the UE, for example either semi-statically or
dynamically.

[0191] Embodiment 49: The methed of any of one of embcdiments 43 to 48, wherein
the CSI contains. an identity of each of the NZP CSI-RS resources in the selected
preferred subset.
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[0192] Embodiment 50: The method of embodiment 49 wherein, for each of the NZP
CSI-RS resources in the selected preferred subset, the identity of the NZP CSI-RS
resource is an index of the NZP CSi-RS resource within a set configured for the UE.
[0193] Embodiment 51: The method of embodiment 49, wherein the identities of the
NZP CSI-RS resources of selected preferred subset are indicated by a bitmap comprised
in the CSI report, wherein each bit within the bitmap is associated with a configured NZP
CSI-RS resource for the UE and bit value of the bit indicates whether or not the
corresponding NZP CSI-RS resource is comprised in the selected preferred subset.
[0194] Embodiment 52: The method of any of embodiments 43 - 51, wherein a
maximum rank may be restricted for each of the configured NZP CSI-RS resources.
[0195] Embodiment 53: The method of embodiment 52 further comprising receiving
an indication of the restriction, e.g., via signaling, e.g., from the base station.

[0196]1 Embodiment 54: The method of any of embodiments 43 - 53, wherein the
selected preferred subset corresponds to a preferred subset of the N TRPs for a downlink
transmission to the UE, wherein the downlink transmission is NC-JT, DPS, or diversity
combining.

[0197] Embodiment 55: The method of embodiment 54 wherein the downlink
transmission is a PDSCH transmission.

{0198] Embodiment 56: The method of any of embodiments 43 - 53, wherein the
selected preferred subset can be for either one or any combination of NC-JT, DPS,
diversity combining.

[0199] Embodiment 57: The method of any one of embodiments 43 to 47, wherein
the size of the preferred subset is determined by the UE.

10288] Embodiment 58: The method of any one of embodiments 43 to 57, wherein
reporting the CSI comprises sending a CSI report comprising a first part and a second
part, wherein the size of the selected preferred subset is enceded in the first part.
[0201] Embodiment 59: The method of embodiment 58, wherein the first part has a
predefined payload size and/or is encoded before encoding the second part at the UE.
[0202] Embodiment 60: The method of embodiment 59, wherein some part of the
CSl is dropped from the second part of the CSI report, e.q., if a scheduled resource for
transmission of the CSI report is insufficient to carry the full CSI.

[0203] Embodiment 61; The method of any of embodiments 58 to 60, wherein the
first part is decoded first at the network node.

[0204] Embodiment 62: The method of embodiment 43, wherein the UE is

configured by a network node with the CSI reporting setting, and with a list of
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transmission hypothesis over the configured NZP CSI-RS resources in the CSl reporting
setting.

[0205] Embodiment 63: The method of embodiment 62, wherein the list of
hypothesis comprises NC-JT, DPS, and/or or diversity combining over one or more of the
configured NZP CSi-RS resources.

[0206] Embodiment 64: The method of embodiment 62 or 63, wherein selecting the
preferred subset {urther compri i
hypothesis.

[0207] Embodiment 65: The methed of embodiment 64, wherein reporting the CSI
further comprises reporting the selected hypothesis.

[0208] Embodiment 66: The method of embodiment 43 further comprising: receiving
two or more CSI reporting configurations, each for one transmission mode with NC-JT,
DPS, or diversity combining; and receiving the request for CSI feedback comprises
receiving the request for CSI feedback of two or more CSI reports.

[0209] Embodiment 67: The method of any of embodiments 43 to 66, wherein
reporting the CSI comprises reporting a common CS! containing rank and precoding
matrix indicators for each of the NZP CSI-RS resources (e.g., in the selected preferred
subset) and two or more CQls, each for a different transmission mode.

[0210] Embodiment 68: The method of any one of embodiments 43 to 67 wherein
the N sets of NZP CSi-RS resources are configured in either a single CSi-RS resource
setting or multiple CSI-RS resource settings.

{G2ii] Embodiment 69: The method of any one of embodiments 43 to 68, wherein
receiving the request comprises receiving the request via one or a combination of semi-

static signaling {e.g., cver RRC) or dynamic signaling (e.g., over PDCCH).
e

o}
selecting the preferred subset comprises comparing data throughputs and/or selecting
the TRPs that can provide the maximum throughput.

[0213] Embodiment 71: The method of any of the previous embodiments, further
comprising: providing user data; and forwarding the user data to a host computer via the

transmission to the base station.

Group B Embodiments

[6214] Embodiment 72: A method for a base station for CS! feedback, the method
comprising at least one of: determining a CSl reporting setting comprising one or more
NZP CSI-RS resources, each NZP CSI-RS resource associated with at least one TRP,
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and/or one or more sets of NZP CSI-RS resources and each set is associated with at
least one TRP; and configuring a user equipment, UE, with the CSI reporting setting.
[0215] Embodiment 73: The method of embodiment 72, wherein the CSI reporting

setting enables the UE to perform methods according any one of emboediment 1 to 71.

Group C Embodiments

[0218] Embodiment 74: A wireless device for CS! feedback, the wireless device
comprising: processing circuitry configured to perform any of the steps of any of the
Group A embodiments; and power supply circuitry configured to supply power to the
wireless device.

[0217] Embodiment 75: A base station for CSl| feedback, the base station
comprising: processing circuitry configured to perform any of the steps of any of the
Group B embodiments; and power supply circuitry configured to supply power to the base
station.

[0218] Embodiment 76: A User Equipment, UE, for CS! feedback, the UE
comprising: an antenna configured to send and receive wireless signals; radio front-end
circuitry connected to the antenna and to processing circuitry, and configured to condition
signals communicated between the antenna and the processing circuitry; the processing
circuitry being configured to perform any of the steps of any of the Group A embediments;
an input interface connected to the processing circuitry and configured to allow input of
information into the UE to be processed by the processing circuitry; an output interface
connected to the processing circuitry and configured to output information from the UE
that has been processed by the processing circuitry; and a battery connected to the
processing circuitry and configured to supply power to the UE.

[0219] Embodiment 77: A communication system including a host computer
comprising: processing circuitry configured to provide user data; and a communication
interface configured to forward the user data to a celiuiar network for transmission to a
User Equipment, UE; wherein the cellular network comprises a base station having a
cessing circuitry configured
to perform any of t

an
[0220] Embodiment 78: The communication system of the previous embodimen

-

further including the base station.
{82211 Embodiment 79: The communication system of the previous 2 embodiments,

further including the UE, wherein the UE is configured to communicate with the base
station.
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[0222] Embodiment 80: The communication system of the previous 3 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host
application, thereby providing the user data; and the UE comprises processing circuitry
configured to execute a client application associated with the host application.

[{0223] Embodiment 81: A method impiemented in a communication system including
a host computer, a base station, and a User Equipment, UE, the method comprising: at
the host computer, providing user data; and at the host computer, initiating a transmission
carrying the user data to the UE via a cellular network comprising the base station,
wherein the base station performs any of the steps of any of the Group B embodiments.
[0224] Embodiment 82: The method of the previous embodiment, further comprising,
at the base station, transmitting the user data.

[0225] Embodiment 83: The method of the previous 2 embodiments, wherein the
user data is provided at the host computer by executing a host application, the method
further comprising, at the UE, executing a client application associated with the host
application.

[0226] Embodiment 84: A User Equipment, UE, configured to communicate with a
base station, the UE comprising a radio interface and processing circuitry configured to

perform the method of the previous 3 embodiments.

[0227] Embodiment 85: A communication system including a host computer
comprising: processing circuitry configured to0 provide user data; and a communication
interface configured to forward user data to a cellular network for transmission to a User
Equipment, UE; wherein the UE com
UE’s components configured to perform any of the steps of any of the Group A
embodiments.

[0228] Embodiment 86: The communication system of the previous embodiment,
wherein the cellular network further includes a base station configured to communicate
with the UE.

[0229] Embodiment 87: The communication system of the previous 2 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host
application, thereby providing the user data; and the UE’s processing circuitry is
configured to execute a client application associated with the host application.

[{0230] Embodiment 88: A method implemented in a communication system including
a host computer, a base station, and a User Equipment, UE, the method comprising: at
the host computer, providing user data; and at the host computer, initiating a transmission
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carmrying the user data to the UE via a cellular network comprising the base station,
wherein the UE performs any of the steps of any of the Group A embodiments.

[0231] Embodiment 89: The method of the previous embodiment, further comprising
at the UE, receiving the user data from the base station.

[0232] Embodiment 90: A communication system inciuding a host compuier
comprising: communication interface configured to receive user data originating from a
transmission from a User Equipment, UE, to a base station; wherein the UE comprises a
radio interface and processing circuitry, the UE’s processing circuitry configured to
perform any of the steps of any of the Group A embodiments.

[0233] Embodiment 91: The communication system of the previous embodiment,
further including the UE.

[0234] Embodiment 92: The communication system of the previous 2 embodiments,
further including the base station, wherein the base station comprises a radio interface
configured to communicate with the UE and a communication interface configured to
forward to the host computer the user data carried by a transmission from the UE to the

base station.

[0235] Embodiment 93: The communication system of the previous 3 embodiments,
wherein: the processing circuitry of the host computer is configured to execute a host
application; and the UE’s processing circuitry is configured to execute a client application

associated with the host application, thereby providing the user data.

application, thereby providing request data; and the UE’s processing circuitry is
configured to execute a client application associated with the host application, thereby
providing the user data in response to the request data.

[0237] Embodiment 95: A method implemented in a communication system including
a host computer, a base station, and a User Equipment, UE, the method comprising: at
the host computer, receiving user data transmitied to the base station from the UE,
wherein the UE performs any of the steps of any of the Group A embodiments.

[0238] Embodiment 96: The method of the previous embodiment, further comprising,
at the UE, providing the user data to the base station.

[0239] Embodiment 97: The method of the previous 2 embodiments, further
comprising: at the UE, executing a ciient appiication, thereby providing the user data to
be transmitted; and at the host computer, executing a host application associated with the

client application.
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[0240] Embodiment 98: The method of the previous 3 embodiments, further
comprising: at the UE, executing a client application; and at the UE, receiving input data
to the client application, the input data being provided at the host computer by executing
a host application associated with the client application; wherein the user data to be
transmitted is provided by the client application in response to the input data.

[0241] Embodiment 99: A communication system including a host computer
comprising a communication interface configured to receive user data originating from a
transmission from a User Equipment, UE, to a base station, wherein the base station
comprises a radio interface and processing circuitry, the base station’s processing
circuitry configured to perform any of the steps of any of the Group B embodiments.
[0242] Embodiment 100: The communication system of the previous embodiment
further including the base station.

[0243] Embodiment 101: The communication system of the previous 2
embodiments, further including the UE, wherein the UE is configured to communicate
with the base station.

[0244] Embodiment 102: The communication system of the previous 3
embodiments, wherein: the processing circuitry of the host computer is configured to
execute a host application; and the UE is configured fo execute a client application
associated with the host application, thereby providing the user data to be received by the
host computer.

[0245] Embodiment 103: A method implemented in a communication system
including a host computer, a base station, and a User Equipment, UE, the methed
comprising: at the host computer, receiving, from the base staticn, user data originating
from a transmission which the base station has received from the UE, wherein the UE
performs any of the steps of any of the Group A embodiments.

[0246]1 Embodiment 104: The method of the previous embodiment, further
comprising at the base station, receiving the user data from the UE.

[0247] Embodiment 105: The method of the previous 2 embodiments, further
comprising at the base station, initiating a transmission of the received user data to the

host computer.

[0248] Atleast some of the following abbreviations may be used in this disclosure. If
there is an inconsistency between abbreviations, preference should be given to how it is
used above. if listed muitiple times beiow, the first iisting should be preferred over any

subsequent listing(s).
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3GPP Third Generation Partnership Project
5G Fifth Generation
AP Access Point
ASIC Application Specific Integrated Circuit
CP-OFDivi Cyciic Prefix Orthogonai Frequency Division Muitiplexing
CPU Central Processing Unit
caQl Channel Quality Indicator
CRI Channel State Information Reference Signal Resource
indicator
csl Channel State Information

CSI-IM Channel State Information interference Measurement

CSI-RS Channel State Information Reference Signal
CwiC Codeword Level Interference Cancellation
DCI Downlink Control Information

DFT Discrete Fourier Transform

DFT-S-OFDM Discrete Fourier Transform Spread Orthogonal Frequency
Division Multiplexing

DMRS Demoduiation Reference Signai
DPS Dynamic Point Selection

DSP Digital Signal Processor

eMBB Enhanced Mobile Broadband
eNB Enhanced or Evolved Node B
FPGA Field Programmable Gate Array
GHz Gigahertz

gNB New Radio Base Station

HI Hypothesis index

ID Identifier

IMR Interference Measurement Resource
kHz Kilohertz

LOS Line of Sight

LTE Long Term Evolution

MCS Modulation and Coding Scheme
MIMO Multiple Input Multiple Output
MME Mobility Management Entity

ms Millisecond
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MTC
MU-MIMO
NC-JT
NR
NSRI
NZP

Or DM
OoTT
PDCCH
PDCH
PDSCH
P-GW
PMI
PRB
PUSCH
QAM
QCL
QPSK
RAM
RAN
RB

RE

RI

RCM
RRC
RRH
SCEF
SINR
SM
SSB
SU-MIMO
8

TCl
TRP

43

Machine Type Communication
Multi-User Multiple input Multiple Output
Non-Coherent Joint Transmission

New Radio

Number of Selected Resources Indicator
Non-Zero Power

Orthogonai Frequency Division Muitiplexing
Over-the-Top

Physical Downlink Control Channe!
Physical Downlink Channel

Physical Downlink Shared Channel
Packet Data Network Gateway
Precoding Matrix Indicator

Physical Resource Block

Physical Uplink Shared Channel
Quadrature Amplitude Modulation
Quasi Co-location

Quadrature Phase Shift Keying
Random Access Memory

Radio Access Network

Resource Block

Resource Element

Rank Indicator

Read Onty Memory

Radio Resource Control

Spatial Multiplexing

Synchronization Signal Block

Single User Multiple Input Multiple Output
Transport Block

Transmission Configuration Indicator

Transmission Point

20190
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e TS Technical Specification
o UE User Equipment
e URLLC Uitra-Reliable and iLow Latency Communication

[0249] Those skilled in the art will recognize improvements and modifications to the
5 embodiments of the present disciosure. Aii such improvements and modifications are

considered within the scope of the concepts disclosed herein.
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Claims

1. A method performed by a wireless device for Channel State Information, CSI,
feedback, the method comprising:

®
a

(@]
1]

o N Non-Zero Power, NZP, CSI| Reference Signal, CSI-RS, resources, each
of the N NZP CSI-RS resources; or

o N sets of NZP CSI-RS resources, each of the N sets;

o a size M of a selected preferred subset of the NZP CSI-RS resources
comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS
resources;

e receiving a request for CSi feedback based on the configuration;

e optionally, selecting the preferred subset of the NZP CSI-RS resources comprised
in the N NZP CSI-RS resources or the N sets of NZP CSi-RS resources; and

® reporting, to a base station, CS| based on the selected preferred subset of the

NZP CSi-RS resources;

N

The method of claim 1wherein M<N.

3. The method of claim 2 wherein N=2.

4. The method of claim 2 wherein N=3, and M=1.

5. The method of ciaim 2 wherein N23, and MViz2.

8. The method of any of one of claims 1 to 5, wherein the CS! comprises an identity
of each NZP CSI-RS resource in the selected preferred subset.

7. The method of claim 6 wherein, for each NZP CSI-RS resource in the selected
preferred subset, the identity of the NZP CSI-RS resource is an index of the NZP CSI-RS

resource within a set of NZP CSi-RS resources configured for the wireiess device (812).

I3
o

-

he method of claim Error! Reference source not found. further comprising
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1. The method of claim 1 wherein the selected preferred subset corresponds to a
preferred subset of the N TRPs for a downlink transmission to the wireless device (912),
wherein the downlink transmission is one of Non-Coherent Joint Transmission, NC-JT, a

Dynamic Point Selection, DPS, transmission, or a diversity combining transmission.

10. The method of claim 1 wherein the selected preferred subset is for any one or any

combination of NC-JT, DPS, and diversity combining.

11. The method of claim 1 , wherein:

optionally, reporting (1006) the CS| comprises sending a CS| report comprising a first part
and a second part, wherein a size of the selected preferred subset is encoded in the first
part;

optionally, the first part has a predefined payload size, is encoded before encoding the
secona part at the wireless device (312), or both has a predefined payload size and is

encoded before encoding the second part at the wireless device (912).
optionally, some part of the CSl is dropped from the second part of the CSI report.
optionally, the first part is decoded first at the base station.

12. The method of claim 1 wherein:

receiving (1000) the configuration comprises receiving two or more CSI reporting
configurations, each for one transmission mode with Non-Coherent Joint Transmission,
NC-JT, a Dynamic Point Selection, DPS, or diversity combining; and

receiving (1002) the request for CSI feedback comprises receiving a request for
CSl feedback of two or more CSI reports.
13. The method of ciaim 1, wherein reporting (1606) the CSi comprises reporting:

a common CSI| component comprising a rank associated with each of the NZP
preferred subset;

a common CS| component comprising precoding matrix indicators for each of the
NZP CSI-RS resources in the selected preferred subset; and

two or more Channel Quality Indicators, CQls, each for a different transmission

mode.
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14. A method performed by a base station (902) for Channe! State Information, CSI,
feedback for Physical Downiink Shared Channel, PDSCH, transmission, in a wireless

e providing (1000), to a wireless device (912), a configuration comprising:

o N Non-Zerc Power, NZP, CS| Reference Signal, CSI-RS, resources, each
associated with a different one of N TRPs: or

o N sets of NZP CSI-RS resources, each associated with a different one of
the N TRPs;

o a size M of a selected preferred subset of the NZP CSI-RS resources
comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS
resources;

e requesting (1002) a CSI feedback from the wireless device (912) based on the
configuration; and

o receiving (1008), from the wireless device (812), CSi based on the seiected
preferred subset of the NZP CSI-RS resources comprised in the N NZP CSI-

RS resources or the N sets of NZP CSI-RS resources.

15. A wireless device (912, 1500) for Channel State Information, CSI, feedback, the
wireless device (912, 1500) comprising:
one or more transmitters (1508);
one or more receivers (1510); and
processing circuitry (1502) associated with the one or more transmitters (1508)
and the one or more receivers (1510), the processing circuitry (1502) configured to cause
the wireless device (912, 1500) to:
o receive (1000) a configuration comprising:
o N Non-Zero Power, NZP, CSI Reference Signal, CSI-RS, resources, each
of the N NZP CSI-RS resources associated with a different one of N
Transmission Points, TRPs; or
o N sets of NZP CSI-RS resources, each of the N sets associated with a
different one of the N TRPs;
o a size M of a selected preferred subset of the NZP CSI-RS resources
comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS
resources;

s receive a request for CSl feedback based on the configuration;
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optionally, select (1004) the preferred subset of the NZP CSI-RS resources
comprised in the N NZP CSI-RS resources or the N sets of NZP CSI-RS
resources; and

report (1008), to a base station, CSl based on the selected preferred subset of
the NZP CSI-RS rescurces.
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Abstract

Systems and methods for Channel State Information (CSI) feedback for muitipie
Transmission Points (TRPs) in a celiuiar communications network are disciosed.
Embodiments of a method of operation of a wireless device and corresponding
embodiments of a wireless device are disclocsed. In some embodiments, a method
performed by a wireless device for CSl| feedback comprises receiving a configuration
comprising N Non-Zero Power (NZP) CSI Reference Signal (CSI-RS) resources each
associated with a different one of N TRPs or N sets of NZP CSI-RS resources each
associated with a different one of the N TRPs. The method further comprises receiving a
request for CSI feedback based on the configuration, selecting a preferred subset of the
NZP CSI-RS resources comprised in the N NZP CSI-RS resources or the N sets of NZP
CSI-RS resources, and reporting, to a base station, CSI based on the selected preferred
subset of the NZP CSI-RS resources.



20190

118

Buioeds ia1u1eaqns ziy GL YlMm 84moniis ujewop-awgy MN
L "9OId

(V1v0) HOad B5]

V1V0 A181SS0d ‘(H02ad) T08.INOD [

[ i 1 s




20190

2/18

3L

AONINOIHS

pLib @2inosad jesisAyd My

1078
3INO

wn

IA

w

—

m

=

(98]

>

=

2| oee

=

.I-_

T j

F \\

%2018

30¥NOS3Y

¢ "Old

LOTS 109WAS vI V

ELeliloLbe 8295 veT O
#109NAS NG40

0

T O Do N~NOW T ™

~—

SY3I¥EYodans

INENERE!

\w\ 30HN0STY



20190

3/18

317 w apow Buixajdnnuw jenpeds paposesd jO 8injonas UoISSILISURS |

]
'
Pl

;

— (44l

ese

i

——% 144l

L e L p——

:

— 14

€ "Old
1HINYT
N
CHIAYT [ M
L HAVT [
\ ONIAOOFdd
SHOLO3A

TO8NAS

/
S140d

YNNILNV N



20190

4/18

seuuajue ajdninui I8A0 UOISSILUSURI) RIEP OWIN SN

v "9id
{1 [ NOILYHANTD ONIddYI | 7} A
P41 IVNSIS 40 -3y RS
_.._ B ! __ m q __ <
B L8 3
[ +] NOILYY3INTD ONIddVY | 1| = =
1 |_IVN9IS Wd40 -3y R s
“ ' [ = Yo =
V1 | NOILYHAN3D ONiddvw | L 1| S|} 1| @
\ | TYNDIS Wa40 -3y
n, /N
51804 SIHONYME IN SYIAYT A

YNNLINY N

ONIddVYI

NOLLYINAOW ONPENvHIS ¢ d40M3aod
ONIddYIN

NOLLYINAONW ONMENYHOS | 40M3A0D




20190

5/18

HN Ul S-S 140d-Z | & 10§ uonEI0jE JY 40 ajdwexa uy
G Ol

SY1SO H04 S3d

L1075 T08NAS ¥} V

SH3i¥HYO4ns

D XV~ O WO T MmN ~— O

— O
~—

€L 1l0l 68 L9GVec o
#7109INAS WA40



20190

6/18

)

(

1r-oN 40 sjdwexs uy
9 'Old

. n
ol Hosad _— AA

{(LMD) HOSAd




20190

7/18

Sd¥l @idipinuw 480 A4 eibuis e buuwsued) jo ajdwexs uy

L Old4
[
e _— AAA &v
(€ ¥3AYT IMO) HOSAd
@ (Z ¥IAVT LMO) HOSAd

(1 ¥3AYT'IMO) HOSAd




20190

8/18

Aypiqerad paseslaur 10
Sdal adnnui sono uoIssIlIsSURl) ejep Jo a|dwexs uy
8 ‘OId

HOSAd




20190

9/18

£€-806

006

n

\.
N N

o6 D

_o\Emz ld
3400 o

.\/.\.V/.l( .



20190

10/18

0t "9OId

L

S304N0OS3Y S
~dZN 3H1 40 13S8NS 03¥y3I43dd 03103738 FIHL NO 03svVeE IS LHO43Y 9001

(YL N IHL 40 13SANS 03YYI43Md ¥ 0L ONIANOJSIHHOD)
S30¥N0S3Y SISO dZN FHL 40 13SANS A3HH34348d ¥ LO0313S '¥004

-t

[~

MOvaa334 1SO LS3NDIY ¢001

SddL N 40 INO H1IM
@3LVIO0SSY HOVY3I S30HNOSTY SH-I1SO dZN 40 SL3S N 40 NOLLYHNOIINOD
HO Sdd1 N 40 INO HLIM 03 LVIO0SSY HOVE S3JHN0STY SH-ISO
dZN N ONINIVINOD SONILLIS 30HNOSTYH SISO N 40 NOILYYNOIANOD 0004

an

(gnNb “B'8) NOILYLS 3SVE




20190

11/18

3

(sd¥1 FHOW ¥O
NO FHL 40 L3SENS 03YHI4FYd ¥ OL ONIONOSIHHOD) SIOUN0STY _
L Y180 dZN JHOW d0 INO 3HL 40 13S8NS d3MY343¥d ¥ LO313S YOl

LL "OI4

$304N0S3Y S
~dZN 3H1 40 13S8NS a3443438d A319373S IHL NO 03SVY8 ISO L4043 90} 1

Sdy1 FHOW HO INO 40 3INO HLIM d3LVID0SSY HOVI mmomsommm SHISO dZN
40 S13S 3HOW ¥O 3INO 40 NOILYHNOIINOD HO Sd¥1 IHOW ¥C INO 40 ANO
HLIM 031VIO0SSY HOYI S30UN0SIY SH-1SO dZN FHOW HO INO ONINIVANOD
SONILLIS F0HN0STY SH-1SO FHOW HO INO 40 NOILLYHNOIINOD "00LE

an (gNB “6°8) NOILYLS JSVe




20190

12/18
1200
1216
CONTROL SYSTEM
1202
NETWORK RADIO UNIT(S |
INTERFACE |<—] PROCFZSO%OR(S} O (S) e
1208 1204 1210
$ -l TX(S) 1212
S) 1214
MEMORY RX(S) 121
1208
FIG. 12
RADIO ACCESS NODE
1200
MODULE(S)
1400

FIG. 14



20190

13/18

//I{ _— ~__

€L 'Old
30¢t
AHOWIN
7iet (S)xy )
y
— e
" CIZHISIXL | 1= | BTET (SINOILONNA __ 07
912! : T A aean <> JOVIINI
orer 027 (S)40SS300%4d .
‘ (S)LINN 010V ] AJOMLIN
2021
- INFLSAS TOMINOD
91zl
\\\Ill I./i, o
\\ « //
\\\\IIJI./IN\ ST
B it ! —
a 90} _ | 90¢T -
1 AOWaAW _ _ AONIN —
Tttty Sl | I
__ lllll Y _ | “ y
r—— - - =—=-== —— e — p— pi—
L[| OTET (SINOILONNA bt B0%T |oe9® TET (SINOILONNS g80e}
== S R T — <> JOV4UINI
I' $OET (S)40SSI00Md i _ POET (S)40SSIO0¥d MHOMLIN
2T T |y MMOMIIN |l
_ 00ET JOON ONISSITOTd ™ ~ ~ L_ 00ET 3QON ONIS$3004d
// COET HMOMLIN UV//{ -
~ ,,\/lil{l\.\\\



20190

14/18
1500
/ 1512
TRANSCEIVER(S)
1506 1512
MEMORY PROCESSOR(S) - :
1504 < ozt | TX(5) 1508 .
\I
RX(S) 151 :
r-.-.——l
FIG. 15
UE
1500
MODULE(S)
1600

FIG. 16



20190

15/18

1724 \1718 \
\.‘. ......... ceel, ;!

1700
1706C >
1704 ~
1708C ‘ o~ 1704
1702 _
i Qﬁ <)L AN 1710
T )
! .
N“ 17068
72 <~ | 17088
1708A
1714 1706<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>