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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 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.
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CSI FEEDBACK FOR DATA TRANSMISSION OVER MULTIPLE TRANSMISSION

POINTS

Related Applications

[0001] This application claims the benefit of provisional patent application serial 

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

incorporated herein by reference in its entirety.

Technical Field

[0002] The présent disclosure relates to Channel State Information (CSI) feedback in 

a wireless communication system.

Backqround

[0003] The next génération mobile wireless communication system (Fifth Génération 

(5G)), or New Radio (NR), will support a diverse set of use cases and a diverse set of 

deployment scénarios. 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 Division 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 Discrète 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 equaliy-sized subframes of 1 milhsecond (ms) each. A 

subframe is further divided into multiple slots of equal duration. The slot length dépends 

on subcarrier spacing. For a subcarrier spacing of Δ/ = 15 kiiohertz (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 illustrâtes 

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 values (also referred to as different numerologies) are given by àf =
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(15 x 2 ) kHz where a is a non-negative integer. Sf = 15 kHz is the basic subcarrier

spacing that is also used in LTE. The slot durations at different subcarrier spacings are

shown in Tabie 1.
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Table 1: Slot length at different numerologies.

Numerology Slot length RB BW

15 kHz 1 ms 180 kHz

30 kHz 0.5 ms 360 kHz

60 kHz 0.25 ms 720 kHz

120 kHz 125 ps 1.44 MHz

240 kHz 62.5 ps 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 0 from one end of the system bandwidth. 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 OFDM symbol interval forms one 

Resource Element (RE).

[0008] Downlink transmissions are dynamically scheduled, i.e., in each slot the g,NB 

transmits Downlink Control Information (DCI) over PDCCH about which UE data is to be 

transmitted to and which RBs in the current downlink slot 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 décodés PDCCH and, upon 

decoding the PDCCH successfully, it then décodés 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 décodés 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 allocation, etc.

1.1 Spatial Multiplexing

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

reliability of a wireless communication system. The performance can be improved if both 



r

20190
3

5

10

15

20

25

30

35

the transmitter and the receiver are equipped with multiple antennas, which results in a

Multiple Input Multiple Output (ΜΙΜΟ) communication channel. Such Systems and/or

related techniques are commonly referred to as ΜΙΜΟ.

[0011] A core component in NR is the support of ΜΙΜΟ antenna deployments and 

ΜΙΜΟ related techniques. Spatial multiplexing is one of the ΜΙΜΟ 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 vectors = is multiplied

by an Λ/r x r precoder matrix w, which serves to distribute the transmit energy in a 

subspace of the Nr (corresponding to A# 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 spécifiés 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 ΜΙΜΟ layer, and ris referred to as 

the transmission rank. In this way, spatial multiplexing 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.

[0013] The received signal at a UE with NR n is

given by

An HnWS + ën

where yn is a NR x 1 received signal vector, Hn is a NR x NT channel matrix at the RE, 

and en is a x 1 noise and interférence vector received at the RE by the UE. The 

precoder W can be a wideband precoder, which is constant over frequency, or frequency 

sélective, i.e. different overferequency.

[0014] The precoder matrix is often chosen to match the characteristics of the Λ/r x 

Λ/τ ΜΙΜΟ channel matrix Hn

also commonly referred to as closed-loop precoding and essentially strives for focusing 

the transmit energy into a subspace which is strong in the sense of conveying much of 

the transmitted energy to the UE. in addition, the precoder matrix may also be selected 

to strive for orthogonalizing the channel, meaning that, after proper linear equalization at 

the UE, the inter-layer interférence is reduced.

[0015] The transmission rank, and thus the number of spatially multiplexed layers, is 

reflected in the number of columns of the precoder. The transmission rank is also 

dépendent on the Signal to Interférence 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 interférence is selected. The precoding matrix, the transmission rank, and

the channel quality are part of Channel State Information (CSI), which is typically

measured by a UE and fed back to a network node or gNB.

1.2 Single User ΜΙΜΟ (SU-MIMO) vs. Multi-User ΜΙΜΟ (MU-MIMO)

[0016] When ail the data layers are transmitted to one UE, it is referred to as SU- 

MIMO. 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 ΜΙΜΟ Data Transmission

[0017] NR data transmission over multiple ΜΙΜΟ layers is shown in Figure 4. 

Depending on the total number of ΜΙΜΟ 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), - 1) for codeword q. The complex-valued modulation symbols are

then mapped onto the layers x(i) = [%®(0 ... i = 0,1, ...,Μ^ζ - 1,

according to Table 7.3.1.3-1 (which is copîed below) of Third Génération Partnership 

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

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

Number of

layers

Number of

codewords

Codeword-to-layer mapping

1 1 vxwxo Xx=ACb

2 1 x ' · (0 = d·' (21) h/U™ = ! ?
X®(ï) ■ dm(2i +1) symb symb/ "

3 1

xW(i) = dm(3i)
x® (i) = rfWçy+D Χ^ξ = ΧΧ/3

x1® (/) = tÙ' (3ï+2)

4 1

x(m(i) = d(0>(4i}
^(1) = 4^(41+1) Λ^ι^=Λ,(0) Λ

^(i) = d<0’(4i+2) sjmb ”"’b/
x^(i) = dm(4i + 3)

5 2

x(0\i} = 4^(21)
^(1) = 4^(21 + 1}

i î laver _ 3 /-(0) _ 1 ./(1) A
2Wsymb ” 2W symb/z ' zw symb/

x’: (T>r ./'‘’.S; H)

6 2

x®(0 = </(0)(3/)

x®(/) = 4(0)(3/ + l)

^^(/) = ^^(3/+2)
!3 = M(- ■ /3 svmb symb/~ svmb/ “

^(1) = 4^(31)
:^-(1) = 4^(31+1}
.^(/)=^(3/ + 2)

7 2

x'0)(0 = i/'®(3/) 

xm(i) = d(0) (3/ + 1)

x1® (i) = d'u- (3/ + 2)

ï laver _ 1 ziO) » z(B i a
f3>(i) = d(Y>(41} ^^syrab/^-^symb/^
XW J) = 4^(41 + 13
^(1) = 4^(41 + 2)
x(6\i) = dm{41 + 3)

8 2

xm(i) = dm(4i) 
x(n(0 = d(a) (4/ + 1) 

x(fii) = d(0>(4i + 2)
x(3\i} = d(û)(4i+3)

XS=X^b/4=XX/4 
f !'(/)· (/"ù V i
^7./)- </" '(4/ » l)

x(6)(i) = d(r,(4i + 2)
xm(i) = dm(4i + 3)
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[0018] For démodulation purposes, a Démodulation Reference Signal (DMRS), also

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

[x<°\i) ... x^-i)(j)]’ri i = -1 is mapped to DMRS antenna ports
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according to

y(Po)(i)

y<pX(i)

where i = 0,l,...,M^b - 1, The set of DMRS antenna ports {p0,-,Ρ^}

and port to layer mapping are dynamically indicated in DCI 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 downlink CSI which typically includes a transmission Rank Indicator (RI), 

a PMI, and Channel Quality Indicator (CQI) 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 multiplexed and thus transmitted in parallel 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 codewords to a UE in a slot. There is thus a relation between 

a CQI and an SINR of the spatial layers over which the codewords are transmitted.

1.5 CSI Reference Signais (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 downlink 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 {1,2,4,8,12,16,24,32}. 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 slot 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, Interférence Measurement Resource (IMR) is also defined in NR 

for a UE to measure interférence. An IMR contains four REs, i.e., either four adjacent 

REs in frequency in the same OFDM 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 interférence based on an IMR, a UE can estimate the effective channel and noise 

plus interférence to détermine the CSI, i.e. rank, precoding matrix, and the channel 

quality.

[0024] Furthermore, a UE in NR may be configured to measure interférence based 

on one or multiple NZP CSI-RS resources.

1.6 CSI Framework in NR

[0025] 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 CSI report.

[0026] In each CSI reporting setting, it contains at least the following information:

• a CSI-RS resource set for channel measurement,

• an IMR resource set for interférence measurement,

• optionally, a CSI-RS resource set for interférence measurement,

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

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

» CSI parameters to be reported such as RI, PMI, CQI, and CSI-RS Resource 

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

• codebook types, i.e. type I or II if reported, and codebook subset restriction, and 

• measurement restriction.

[0027] When the CSI-RS resource set in a CSI reporting setting contains multiple 

CSI-RS resources, one of the CSI-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 

resource set, together with RI, PMI, and CQI associated with the selected CSI-RS 

resource.

[0028] For aperiodic CSI reporting in NR, more than one CSI reporting setting, each 

with a different CSI-RS resource set for channel measurement and/or resource set for 

interférence measurement, can be configured and triggered at the same time. In this 

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 Sélection (DPS)

[0029] In NK, DPS is supported in which data for a Ut can be sent over different 

Transmission Points (TRPs) in different slots. In this case, the gNB may request the UE 

to measure and feedback downlink CSI for each of the TRPs, and the gNB then décidés 

the TRP for data transmission to the UE. Since different TRPs may hâve different 

configurations for CSI-RS and other downlink reference signais 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 (TCI) 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-location (QCL) information between the DMRS for PDSCH and 

one or two downlink reference signais such as CSI-RS or SSB. The supported QCL 

information types in NR are:

• 'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread},

• 'QCL-TypeB': {Doppler shift, Doppler spread},

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

® 'QCL-TypeD': {Spatial Rx parameter}.

[0030] The QCL information is used by a UE to apply large scale channel properties 

associated with the downlink reference signais (CSI-RS or SSB) to DMRS based channel 

estimation for PDSCH réception.

1.7.2 Non-Coherent Joint Transmission (NC-JT)

[0031] NC-JT refers to ΜΙΜΟ data transmission over multiple TRPs in which different 

ΜΙΜΟ layers are transmitted over different TRPs. An example is shown in Figure 6. 

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 ΜΙΜΟ layers but there is a maximum of two ΜΙΜΟ 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 bénéficiai when the traffic load, and thus the resource utilization, is 

low in each TRP. The scheme can also be bénéficiai 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 supportée! in LTE with two TRPs, each having up to 

eight antenna ports. For CSI feedback purpose, a UE is configured with a CSI process 

with two NZP CSI-RS resources, one for each TRP, and one interférence measurement 

resource. The UE calculâtes CSI per NZP CSI-RS resource and reports a pair of Ris, 

(RI1, Ri2), a pairof PMIs, (PMI1, PMI2), and a pairof CQ's, (CQI1, CQI2), by considering 

the mutual interférence 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 Interférence 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 alternative approach is to use a single codeword over multiple 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 scénario, 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 décidé whether to use DPS or NC-JT based 

on other information available at the gNB. In another scénario as discussed in 

PCT/EP2018/065557, a gNB may configure a UE with N>1 NZP CSI-RS resources, 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 Μ = (1, 2,...,N) preferred NZP 

CSI-RS resources. In this case, the UE would feedback a single CSI 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 ofthe selected CRIs, i.e. {CRI1,...,CRInri}. 

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 Reliable Data Delivery - Diversity 

Based Transmission

[0035] In addition to using muiti-TRP transmission for improved data throughput such 

as DPS and NC-JT discussed above (which is referred to herein as spatial multiplexing 

based muiti-TRP transmission), another application of muiti-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 ΜΙΜΟ layers would be used to carry the same data from different TRPs and 

a ΜΙΜΟ receiver is needed at the UE to separate the layers. In one scénario, the same 

codeword with different redundancy versions may be transmitted from different TRPs and 

soft combining is performed at the UE. In another scénario, 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 CSI 

feedback mechanism (e.g., the CSI feedback mechanisms for LTE) are less than idéal 

when considering both DPS based multi-TRP transmission and NC-JT and when 

considering UE sélection of M out of N TRPs.

Summary

[0038] 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) 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, CSI 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, N>2. In some embodiments, N>3, and 

M>1. In some embodiments, N>3, and M>2.

[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 

resource 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 CSI comprises sending a 

CSI report to the base station, where the CSI report comprises a bitmap that indicates the 

identifies of the NZP CSI-RS resources in selected preferred subset. In some 

embodiments, each bit within the bitmap is associated with a corresponding 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-Conerent Joint Transmission (NC-JT), a 

Dynamic Point Sélection (DPS) transmission, or a diversity combining transmission. In 

some embodiments, the downlink transmission is a Physical Downlink Shared Channel 

(PDSCH) transmission.

[0044] In some embodiments, the selected preferred subset is for any one or any 

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

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

wireless device.

[0046] In 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 CSI is dropped from the second part of 

the CSI report. In some embodiments, the first part is decoded first at the base station.

[0047] In some embodiments, the configuration comprises CSI reporting setting 

comprising the N NZP CSI-RS resources or the N sets of NZP CSI-RS resource, and a 

list of transmission hypothèses over the NZP CSI-RS resources configured in the CSI 

reporting setting. In some embodiments, the list of hypothèses 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 hypothesis. In some embodiments, reporting the CSI

further comprises reporting the selected hypothesis.

[0048] In some embodiments, receiving the configuration comprises 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 a 

request for CSI feedback of two or more CSI reports.

[0049] in some embodiments, reporting the CSI comprises reporting a single CSI 

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 CSI component comprising two or more Channel Quality Indicators (CQIs), 

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 multiple CSI-RS resource settings.

[0051] In some embodiments, receiving the request comprises receiving the request 

via one or a combination of semi-sfatic 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 uSl feedback comprises one or 

more transmitters, one or more receivers, and processing circuitry associated with the 

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 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 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 

composed 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] tmbodiments 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 associated with a different one of the 

N TRPs. The method further comprises requesting a CSI 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 CSI feedback comprises processing 

circuitry configured to cause the base station to provide, 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 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 

spécification iliustrate severai aspects of the disclosure, and together with the description 

serve to explain the principles ofthe disclosure.

[0057] Figure 1 illustrâtes the Third Génération Partnership Project (3GPP) New 

Radio (NR) time-domain frame structure for a 15 kilohertz (kHz) subcarrier spacing;

[0058] Figure 2 illustrâtes the NR physical resource grid;

[0059] Figure 3 illustrâtes a transmission structure for precoded spatial multiplexing;

[0060] Figure 4 illustrâtes NR data transmission over severai Multiple Input Multiple 

Output (ΜΙΜΟ) layers;

[0061] Figure 5 shows an example of Channel State Information (CSI) Reference 

Signal (CSI-RS) Resource Eléments (REs) for twelve antenna ports, where one RE per 

Resource Block (RB) per port is shown;

[0062] Figure 6 illustrâtes an example of Non-Coherent Joint Transmission (NC-JT);

[0063] Figure 7 illustrâtes an example of transmission of a single codeword over 

multiple Transmission Points (TRPs);

[0064] Figure 8 illustrâtes an example of transmission of a same data packet over 

multiple TRPs;

[0065] Figure 9 illustrâtes one example of a cellular communications network in CSI 

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

[0066] Figure 10 illustrâtes the operation of a base station and a wireless device for 

CSI feedback for multiple TRPs in accordance with embodiments of the présent 
disclosure;
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[0067] Figure 11 illustrâtes the operation of a base station and a wireless device for

CSI feedback for multiple TRPs in accordance with some other embodiments of the

présent 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 présent disclosure;

[0069] Figures 15 and 16 illustrate example embodiments of a wireless device;

[0070] Figure 17 illustrâtes an exampie communication system in which 

embodiments of the présent disclosure may be implemented;

[0071] Figure 18 illustrâtes exampie embodiments of the host computer, base station, 

and User Equipment (UE) of Figure 17; and

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

communication system in accordance with embodiments of the présent 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 skilled in the art will understand the concepts ofthe disclosure and 

will recognize applications of these concepts not particularly addressed herein. It should 

be understood that these concepts and applications fait 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] 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 opérâtes to wirelessly transmit and/or 

receive signais. 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 Génération 

Partnership Project (3GPP) Fifth Génération (5G) NR network or an enhanced or evoived 

Node B (eNB) in a 3GPP Long Term Evolution (LTE) network), a high-power or macro 

base station, a low-power base station (e.g., a micro base station, a pico base station, a 

home eNB, or the like), and a relay node.

[0076] 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] Wireless Device: As used herein, a “wireless 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 signais to a radio 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 terminology or terminology similar to 3GPP 

terminology is oftentimes used. However, the concepts disclosed herein are not limited 

to a 3GPP system.

[0080] 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 equaiiy 

applicable to both cells and beams.

[0081] There currentiy exist certain chaîienge(s). First, only Dynamic Point Sélection 

(DPS) based multi-TRP transmission is currentiy supported in NR. For Non-Coherent 

Joint Transmission (NC-JT), although LTE like Channel State Information (CSI) 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 sélection is done by 

the eNB, i.e. no dynamic UE sélection 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 hypothèses, an issue is that the CSI payload can be different for different 

values of M or different hypothèses. It would be difficult for the gNB to schedule the right 

amount of Physical Uplink Shared Channel (PUSCH) resources to carry this CSI payload. 

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 détermine and 

décodé the actual CSI payload correctly at the gNB.

[0082] Certain aspects of the présent disclosure and their embodiments may provide 

solutions to the aforementioned or other challenges. In some embodiments, the solution 

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.,
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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.

[0083] in some other embodiments, the UE is allowed to select a variable 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 carrying the CSI is received by the 

base station (e.g., gNB), the base station (e.g., gNB) can décodé 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 

décodé the CSI feedback correctly without any ambiguity.

[0085] Figure 9 illustrâtes one example of a cellular communications network 900 

according to some embodiments of the présent 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 cellular 

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 904. The cellular communications network 900 may 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 (RRHs), or the like. 

Notably, while not illustrated, one or more of the small cells 908-1 through 908-4 may 

alternatively 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 906. Likewise, the small cells 908-1 through 908-4 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 906 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 specifîcally, in some embodiments, a UE is either configured with N Non- 

Zero Power (NZP) CSi Reference Signai (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 CSI reporting 

setting for channel measurement, each associated with one of N TRPs. The UE may 

also be signaled with the same number of CSI Interférence Measurement (CSI-IM) 

(and/or NZP CSI-RS) resources for interférence 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 explicitiy 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 local IDs, i.e. it refers to a position in a list, for example 

comprised in CSI-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 Resource 

Indicator (CRI) parameters. Alternatively, 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 ‘T indicates the corresponding NZP CSI-RS resource 

settings or NZP CSI-RS resource is selected while a value of ‘0’ indicates the NZP CSI- 

RS resource settings or NZP CSI-RS resource is not selected. An alternative approach is 

to jointly encode the selected NZP CSI-RS resource settings or NZP CSI-RS resources to 

reduce the feedback overhead. 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 [log2(^)] 

bits.

[0090] For each selected TRP, the estimated rank and precoding matrix are also 

reported. When separate codewords are used in each TRP, a Channel Quality indicator 

(CQI) is also reported for each TRP, with inter-TRP interférence being considered. In 

case a single codeword is used across the TRPs, then a single CQI is reported 

conditioned on the reported ranks and precoding matrices.
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[0091] In some scénarios, 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 CSI

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 ofthe N CSI-RS resources corresponding to the /VTRPs.

[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 solution involves K TRPs, 

with K < M, it could still be worthwhile to feed back a CSI report with M sets of Precoding 

Matrix Indicator (PMI) / Rank Indicator (RI) / 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 alternative kinds of transmission, e.g., DPS. Indeed, for M = 2, e.g., the 

CSI 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 oui of M TRPs for the NC-JT CSI; as well 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/CQ! instead referto CSI fora second NC-JT involving Μ- KTRPs.

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

[0093] 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 CSI 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 interférence 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 îs determined by the UE. In this case, the CSI payload size may 

change with each CSI reporting occasion, depending on the value of M, and is thus 

unknown to the g.NB.

[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 CSI configuration. The 

number of selected TRPs, M, is included in the first CSI part and can be decoded by the 

gNB without multiple blinding decoding attempts using multiple hypothèses 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 

report, it is assumed that the first part of the CSI report still can be carried and decoded. 

The second part of the CSI report may be truncated with certain CSI parameters being 

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

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 Multiple TRPs

[0098] When it cornes to transmission from multiple-TRPs, it is possible to receive 

either diversity based transmission or spatial multiplexing based transmission. In some 

scénarios, a UE may hâve enhanced Mobile Broadband (eMBB) and Ultra-Reliable and 

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

UE can be indicated dynamically whether the Physical Downlink Shared Channel 

(PDSCH) being transmitted from the selected multiple TRPs should be treated either (1) 

by combining layers from the selected multiple 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 selected multiple TRPs. This can be satisfied by having different 

reporting quantifies such as:

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

assuming combining of layers from selected multiple TRPs

2. CSI reporting for spatial multiplexing-based transmission where a UE reports CSI 

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 (Hl) 

where different His define a particular type of transmission. The gNB can predefine the 

particular type of transmission for each Hl. 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 Hl=1, then this corresponds to receiving DPS based
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transmission from TRPs A and B respectively. If the UE feeds back Hl=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 Hl=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

Hl NZP CSI-RS ID A NZP CSI-RS ID B Transmission mode

0 Desired Off DPS

1 Off Desired DPS

2 Desired Interférer MU-MIMO

3 Interférer 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 multiplexing-based transmission. The UE may in some such embodiments be 

configured with two (or more) CSI-ReportConfigs to report two sets of CSI, one for each 

assumption.

[0102] in other embodiments, the observation that PMI/RI report per i RP 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 Description

[0103] Figure 10 illustrâtes 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 tne 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 CSI 

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 resources then corresponds to a preferred subset of the N TRPs. In some 

embodiments, N>2, 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, M>2. 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 

otherembodiments, the size ofthe 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 selected 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 reporting setting. In some 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 

CSI reporting setting and where a bit value of ‘T indicates that the corresponding NZP 

CSI-RS resource is selected and a value of Ό’ otherwise (or vice versa). The number of 

bits with ‘T is equal to the size ofthe preferred subset.

[0106] In some embodiments, the maximum rank may be restricted for each of the 

multiple NZP CSI-RS resources and the restriction may be signaled to the UE.

[0107] In 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 encoded 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 

CSI in the second part may be dropped without reporting if the scheduled resource is not 
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enough to carry the full CSI 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 list of hypothesis comprises NC-JT, DPS, or diversity combining over 

one or more of the NZP CSI-RS resources. 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 CSI reports.

[OUI] In some embodiments, the CSI report comprises a common CSI containing 

Ris and PMIs for each of the multiple NZP CSI-RS resources and two or more CQIs, 

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.

[0113] In some embodiments, base station sends the request for uSi 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.

[0115] Figure 11 illustrâtes 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 ail steps are required in ail embodiments or 

implémentations. 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 CSI 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 1106).

[0116] Note that the remaining details provided above with respect to Figure 10 are

equally applicable here to Figure 11.

[0117] Figure 12 is a schematic block diagram of a radio access node 1200 

according to some embodiments of the présent disclosure. The radio access node 1200 

may be, for example, a base station 902 or 906. As illustrated, the radio access node 

1200 includes a control system 1202 that includes one or more processors 1204 (e.g., 

Central Processing Units (CPUs), Application Spécifie Integrated Circuits (A.SICs), Field 

Programmable Gâte Arrays (FPGAs), and/or the like), memory 1206, and a network 

interface 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 

external to the control system 1202 and connected 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 illustrâtes a virtualized 

embodiment of the radio access node 1200 according to some embodiments of the 

présent disclosure. This discussion is equaiiy applicable to other types of network nodes. 

Further, other types of network nodes may hâve similar virtualized architectures.

[0119] As used herein, a “virtualized" radio access node is an implémentation 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 Virtual 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 cable 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 includes one or more processors 1304 (e.g., CPUs, ASICs, FPGAs, and/or

the like), memory 1306, and a network interface 1308.

[0120] 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 ail 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 radio unit(s) 1210 communicate directly with the processing node(s) 1300 

via an appropriate network interface(s).

[0121] 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 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 signai, or 

a computer readable storage medium (e.g., a non-transitory computer readable medium 

such as memory).

[0122] Figure 14 is a schematic block diagram of the radio access node 1200 

according to some other embodiments of the présent disclosure. The radio access node 

1200 includes one or more modules 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 biock diagram of a UE 1500 according to some 

embodiments of the présent 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 to one or more antennas 1512. The transceiver(s) 1506 includes 

radio-front end circuitry connected to the antenna(s) 1512 that is configured to condition 

signais 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 radio 

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 readabie storage medium (e.g., a non-transitory computer 

readabie medium such as memory).

[G125] Figure 16 is a schematic biock diagram of the UE 1500 according to some 

other embodiments of the présent disclosure. The UE 1500 includes one or more 

modules 1600, each of which is implemented in software. The module(s) 1600 provide 

the functionality ofthe UE 1500 described herein.

[0126] With reference to Figure 17, in accordance with an embodiment, a 

communication system includes a télécommunication 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 wirelessly connectable to the 

corresponding base station 1706A. While a plurality of UEs 1712, 1714 are illustrated in 

this example, the disclosed embodiments 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 télécommunication 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 télécommunication 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 communications. 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 uplink communication originating 

from the UE 1712 towards the host computer 1716.

[0129] Exampie implémentations, 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 hâve 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 exécutable by the 

processing circuitry 1808. The software 1810 includes a host application 1812. The host 

application 1812 may be opérable 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. In providing the service to the remote user, the host application 1812 

may provide user data which is transmitted using the OTT connection 1816.

[0130] The communication system 1800 further includes a base station 1818 

provided in a télécommunication 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 télécommunication System and/or through one or more 

intermediate networks outside the télécommunication System. ïn the embodiment shown, 

the hardware 1820 of the base station 1818 further includes processing circuitry 1830, 

which may comprise one 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 intemally 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 

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 exécutable by the processing circuitry 1838. The 

software 1840 includes a client application 1842. The client application 1842 may be 

opérable to provide a service to a human 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 précisé routing 

of messages via these devices. The network infrastructure may détermine 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 considération or reconfiguration ofthe 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 supplying values of the monitored quantifies 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 

imperceptible 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 présent 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 initiâtes 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 présent disclosure, only drawing references to 

Figure 20 will be included in this section. In 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 initiâtes 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 

5 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 

10 Figures 17 and 18. For simplicity of the présent disclosure, 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 alternatively, 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 application, in sub-step 2106 (which 

15 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 spécifie manner in which the user data was 

provided, the UE initiâtes, in sub-step 2108 (which may be optional), transmission of the 

20 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.

[0139] Figure 22 is a flowchart illustrating a method implemented in a communication 

system, in accordance with one embodiment. The communication system includes a host 

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

Figures 17 and 18. For simplicity of the présent 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), 

30 the base station initiâtes 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 modules of one or more 

35 virtual apparatuses. Each virtual apparatus may comprise a number of these functional 

units. These functional umts may be implemented via processing circuitry, which may 
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include one or more microprocessor or mîcrocontrollers, as well as other digital hardware, 

which may include Digital Signal Processor (DSPs), special-purpose digital logic, and the 

like. Tne processing circuïtry may be configured to execute program code stored in 

memory, which may include one or several types of memory such as Read Only Memory 

(ROM), Random Access Memory (RAM), cache memory, flash memory devices, optical 

storage devices, etc. Program code stored in memory includes program instructions for 

executing one or more télécommunications and/or data communications protocols as well 

as instructions for carrying out one or more of the techniques described herein. In some 

implémentations, the processing circuitry may be used to cause the respective functional 

unit to perform corresponding functions according one or more embodiments of the 

présent disclosure.

[0141] While processes in the figures may show a particular order of operations 

performed by certain embodiments of toe présent disclosure, it should be understood that 

such order is exemplary (e.g., alternative embodiments may perform the operations in a 

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

[0142] Some exampie embodiments of the présent disclosure are as follows:

Group A Embodiments

[0143] Embodiment 1: A method of CSI feedback for PDSCH transmission over 

multiple TRPs in a wireless network, wherein the method comprises: configuring, by a 

network node, a UE with a CSI reporting setting containing multiple NZP CSI-RS 

resources, each associated with one TRP, or multiple sets of NZP CSI-RS resources and 

each set is associated with one TRP; requesting a CSI 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 selected preferred subset of the NZP 

CSI-RS resources.

[0144] Embodiment 2: The method of embodiment 1, -wherein the size of the 

preferred subset is signaledto the UE, eithersemî-statically or dynamically.

[0145] Embodiment 3: The method of embodiments 1 and 2, wherein the CSI 

contains the identifies of the NZP CSI-RS resources of selected preferred subset. The 

identities can be the indices ofthe NZP CSÎ-RS resources within the set configured in the 

CSI reporting setting.

[0146] Embodiment 4: The method of embodiments 1 to 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 CSJ reporting setting, wherein 
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a bit value of ‘l’indicates that the corresponding NZP CSI-RS resource is selected and a

value of ‘0’ otherwise. The number of bits with 'T is equal to the size of the preferred

subsets.

[0147] Embodiment 5: The method of embodiments 1 to 4, wherein the maximum 

rank may be restricted for each of the multiple NZP CSI-RS resources and the restriction 

may be signaled to the UE.

[0148] Embodiment 6: The method of embodiments 1 to 5, wherein the PDSCH 

transmission can be NC-JT, DPS, or diversity combining.

[0149] Embodiment 7: The method of embodiments 1 to 6, 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 payîoad size and is encoded first before encoding the second part at the UE.

[0153] Embodiment 11: The method of embodiment 10, wherein some part of the 

CSI in the second part may be dropped without reporting if the scheduled resource is not 

enough to carry the full CSI content.

[0154] Embodiment 12: The method of embodiments 9 to 11, wherein the first part is 

decoded first at the network node.

[0155] 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 ofthe list ofthe hypothesis.

[0158] Embodiment 16: The method of embodiments 1 and 13 to 15, wherein the 

reporting further comprises reporting the selected hypothesis.

[0159] tmbodiment 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 CSI reports.

[0160] Embodiment 1a: The method of embodiments 1 and 1 /, 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 CSI Feedback, the 

method comprising at least one of: receiving a CSI 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 CSI 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 dynamically.

[0166] Embodiment 24: The method of any of embodiments 22 or 23, wherein the 

CSI contains one or more identifies of the one or more NZP CSI-RS resourœs of the 

selected preferred subset, wherein, optionally, the one or more identities are one or more 

indices ofthe 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 CSI reporting setting, wherein, optionally, a bit 

value of ‘T indicates that the corresponding NZP CSI-RS resource is selected and a 

value of Ό’ otherwise, wherein, optionally, the number of bits with Ί’ 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 signaied to the UE.

[0169] Embodiment 27: The method of any of embodiments 22 - 26, wherein the

PDSCH transmission can be at least 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 30: The method of any of embodiments 22 and 29, wherein the 

CSI 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.

[0174] 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 example if the scheduled resource is not enough (or insufficient) to carry the 

full CSI 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 the one or more NZP 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 more 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 

CSI reporting configurations, each for one transmission mode, any combination of NC-JT,
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CSI reports.

[0181] Embodiment 39: I he 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 CSI 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 CSI feedback 

based on the configuration (e.g., based on the CSI reporting setting); selecting a 

preferred subset of the NZP CSI-RS resources; and reporting CS! based on the selected 

preferred subset of the NZP CSI-RS resources.

[0186] Embodiment 44; The method of embodiment 43 wherein the preferred subset 

ofthe NZP CSI-RS resources has a size M, where M<N.

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

[0188] Embodiment 46: The method of embodiment 44 wherein N>3, and M>1. 

[0189] Embodiment 47: The method of embodiment 44 wherein Ns3, 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 method of any of one of embodiments 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 tne NZP CSI-RS resource within a set configured for the UE.

[0193] Embodiment 51: The method of embodiment 49, wherein the identifies 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 preferted 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 ofthe restriction, e.g., via signaling, e.g., from the base station.

[0196] 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 ofthe preferred subset is determined by the UE.

[0200] 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 encoded 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 

CSI is dropped from the second part of the CS! report, e.g., 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 CSI 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 seiecting the 

preferred subset further comprises seiecting one hypothesis out of the list of the 

hypothesis.

[0207] Embodiment 65: The method 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 6/: The method of any of embodiments 43 to 66, wherein 

reporting the CSI comprises reporting a common CSI 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 CQIs, 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.

[0211] 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., over RRC) or dynamic signaling (e.g., over PDCCH).

[0212] Embodiment 70: The method of any one of embodiments 43 to 69 wherein 

seiecting the preferred subset comprises comparing data throughputs and/or seiecting 

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

[0214] Embodiment 72: A method for a base station for CSI feedback, the method 

comprising at least one of: determining a CSI 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 /2, wherein the CSI reporting

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

Group C Embodiments

[0216] Embodiment 74: A wireless device for CSI 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 CSI 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 CSI feedback, the UE 

comprising: an antenna configured to send and receive wireless signais; radio front-end 

circuitry connected to the antenna and to processing circuitry, and configured to condition 

signais 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 embodiments; 

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 cellular network for transmission to a 

User Equipment, UE; wherein the cellular network comprises a base station having a 

iddio interface and processing circuitry, the base station s processing circuitry configured 

to perform any of the steps of any of the Group B embodiments.

[0220] Embodiment 78: The communication System of the previous embodiment 
further including the base station.

[0221] 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.



20190
39

[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.

5 [0223] Embodiment 81: 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 

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.

10 [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 
15 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 

20 comprising: processing circuitry configured to 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 comprises a radio interface and processing circuitry, the 

UE’s components configured to perform any of the steps of any of the Group A 

embodiments.

25 [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 

30 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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carrying 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: I ne method of the previous embodiment, further comprising

at the UE, receiving the user data from the base station.

[0232] Embodiment 90: A communication system including a host computer 

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.

[0236] Embodiment 94: The communication system of the previous 4 embodiments, 

wherein: the processing circuitry of the host computer is configured to execute a host 

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 transmitted 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 ofthe previous embodiment, further comprising, 

at the UE, providing the user data to the base station.

[0239] Embodiment 9/: The method of the previous 2 embodiments, further 

comprising; at the UE, executing a client application, 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 t’ne 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 to 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 method 

comprising: at the host computer, receiving, from the base station, 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] Embodiment 104: The method of the previous embodiment, further 

comprising atthe 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] At least 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 iisted multipie times beiow, the first listing should be preferred over any 

subséquent listing(s).
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• 3GPP Third Génération Partnership Project
• 5G Fifth Génération
• AP Access Point
• ASIC Application Spécifie Integrated Circuit

5 CP-OFDM Cyclic Prefix Orthogonal Frequency Division Muitiplexing
e CPU Central Processing Unit
e CQI Channel Quality Indicator
• CRI Channel State Information Reference Signal Resource

indicator

10 CSI Channel State Information
« CSI-ÎM Channel State Information interférence Measurement
• CSI-RS Channel State Information Reference Signal
• CWIC Codeword Level Interférence Cancellation
• DCI Downlink Control Information

15 DFT Discrète Fourier Transform
• DFT-S-OFDM Discrète Fourier Transform Spread Orthogonal Frequency

Division Muitiplexing

• DMRS Démodulation Reference Signai

• DPS Dynamic Point Sélection

20 DSP Digital Signal Processor
• eMBB Enhanced Mobile Broadband

« eNB Enhanced or Evolved Node B
• FPGA Field Programmable Gâte Array

e GHz Gigahertz

25 gNB New Radio Base Station

H! Hypothesis Index
• ID Identifier

• IMR Interférence Measurement Resource
a kHz Kilohertz

30 LOS Line of Sight

• LTE Long Term Evolution
• MCS Modulation and Coding Scheme
• ΜΙΜΟ Multiple Input Multiple Output
• MME Mobility Management Entity

35 ms Millisecond
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• MTC

• MU-MI MO

• NC-JT

* NR

• NSRI

• NZP

• OFDM

• OTT

« PDCCH

• PDCH

• PDSCH

• P-GW

• PMI

• PRB

• PUSCH

• QAM

• QCL

• QPSK

• RAM

. RAN

• RB

» RE

• RI

• ROM

• RRC

» RRH

• SCEF

» SINR

• SM

• SSB

• SU-MIMO

• TB

• TCI

• TRP

Machine Type Communication

Multi-User Multiple Input Multiple Output

Non-Coherent Joint Transmission

New Radio

Number of Selected Resources Indicator

Non-Zero Power

Orthogonal Frequency Division Multiplexing

Over-the-Top

Physical Downlink Control Channel

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 Only Memory

Radio Resource Control

Remote Radio Head

Service Capability Exposure Function

Signa! to Interférence Plus Noise Ratio

Spatial Multiplexing

Synchronization Signal Block

Single User Multiple Input Multiple Output

Transport Block

Transmission Configuration Indicator

Transmission Point
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Technical Spécification

User Equipment

Ultra-Reliable and Low Latency Communication

[0249] Those skilled in the art will recognize improvements and modifications to the 

5 embodiments of the présent disclosure. Ali such improvements and modifications are 

considered within the scope of the concepts disclosed herein.
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Ciaims

1. A method performed by a wireless device for Channel State Information, CSI,

feedback, the method comprising:

« receiving a configuration comprising:

o N Non-Zero Power, NZP, CSI Reference Signal, CSI-RS, resources, each

of the N NZP CSI-RS resources; or

ο 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;

• receiving a request for CSI feedback based on the configuration;

• 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, CSI based on the selected preferred subset of the 

NZP CSI-RS resources;

2. The method of claim Iwherein 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 claim 2 wherein N>3, and M>2.

6. The method of any of one of ciaims 1 to 5, wherein the CSI 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 wireless device (912).

8. The method of claim Error! Reference source not found. further comprising 

receiving an indication of a restriction from the base station.
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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 Sélection, 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 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;

optionally, the first part has a predefined payload size, is encoded before encoding the 

second part at the wireless device (912), 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 CSI 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 Sélection, DPS, or diversity combining; and

receiving (1002) the request for CSI feedback comprises receiving a request for 

CSI feedback of two or more CSI reports.

13. The method of claim 1, wherein reporting (1006) the CSI comprises reporting:

a common CSI component comprising a rank associated with each of the NZP 

CSI-RS resources in the selected preferred subset;

a common CSI 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, CQIs, each for a different transmission
mode.
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14. A method performed by a base station (902) for Channel State Information, CSI,

feedback for Physical Downlink Shared Channel, PDSCH, transmission, in a wireless
network, the method comprising:

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

o N Non-Zero Power, NZP, CSI Reference Signal, CSI-RS, resources, each 

associated with a different one of N TRPs; or

ο 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;

• requesting (1002) a CSI feedback from the wireless device (912) based on the 

configuration; and

• receiving (1006), from the wireless device (912), CSi based on the 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.

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:

• receive (1000) a configuration comprising:

ο N Non-Zero Power, NZP, CSI Reference Signai, CSI-RS. resources, each 

of the N NZP CSI-RS resources associated with a different one of N 

Transmission Points, TRPs: or

ο 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;

• receive a request for CSI 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 

resourcês; and

• report (1006), to a base station, CSI based on the selected preferred subset of 
5 the NZP CSI-RS resources.
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Abstract

Systems and methods for Channel State Information (CSI) feedback for multiple 

Transmission Points (TRPs) in a cellular communications network are discïosed.

5 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-Zéro 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

10 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 ofthe NZP CSI-RS resources.

15
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