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0 Abrégé :

Systems and methods are disclosed herein for 
determining a power to be used for a set of antenna 
ports for a physical uplink shared channel 
transmission. In some embodiments, a User 
Equipment (UE) comprises processing circuitry 
configured lo dérivé a power P to be used for uplink 
power control for a physical uplink stared channel 
transmission and détermine a power to be used for a 
set of antenna ports based on the power P according 
to a rule that dépends on whether the UE is utilizing 
codebook based transmission or lion-codebook based 
transmission for the physical uplink shared channel 
transmission. The set of antenna ports is antenna 
ports on which the physical uplink shared channel 
transmission is transmitted with non-zero power.
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POWER CONTROL FOR NEW RADIO UPLINK SINGLE-USER MULTIPLE-INPUT- 
MULTIPLE- OUTPUT COMMUNICATION

Related Applications

This application daims the benefit of provisional patent application serial 

number 62/654,286, filed April 6, 2018, the disclosure of which is hereby incorporated 

herein by reference in its entirety.

Technical Field

The disclosed subject matter relates generally to télécommunications. 

Certain embodiments relate more particularly to concepts such as New Radio (NR), 

uplink (UL) power control, non-codebook based precoding, codebook based 

precoding, and single-user Multiple-Input-Multiple-Output (ΜΙΜΟ) communication.

Backqround

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 latter includes deployment at both low 

frequencies, i.e., 100s of Mégahertz (MHz), similarto Long Term Evolution (LTE) 

today, and very high frequencies, i.e., millimeter (mm) waves in the tens of Gigahertz 

(GHz).

Codebook-based precoding
Multi-antenna techniques can significantly increase the data rates and 

reliability of a wireless communication System. The performance is in particular 

improved if both the transmitter and the receiver are equipped with multiple antennas, 

which results in a Multiple-lnput Multiple-Output (ΜΙΜΟ) communication channel. 

Such Systems and/or related techniques are commonly referred to as ΜΙΜΟ.

The NR standard is currently being specified. A core component in NR is 

the support of ΜΙΜΟ antenna deployments and ΜΙΜΟ related techniques. NR will 

support uplink ΜΙΜΟ with at least 4 layer spatial multiplexing using at least 4 antenna 

ports with channel dépendent precoding. The spatial multiplexing mode is aimed for 

high data rates in favorable channel conditions. An illustration of the spatial 

multiplexing operation is provided in Figure 1 for where Cyclic Prefix Orthogonal 

Frequency Division Multiplexing (CP-OFDM) is used on the uplink (UL).
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As seen, the information carrying symbol vector s is multiplied by an NT x r 

precoder matrix W, which serves to distribute the transmit energy in a subspace of the 

NT (corresponding to NT antenna ports) dimensional vector space. The precoder 

matrix is typically selected from a codebook of possible precoder matrices, and is 

typically indicated by means of a Transmit Precoder Matrix Indicator (TPMI), which 

spécifiés a unique precoder matrix in the codebook for a given number of symbol 

streams. The r symbols in s each correspond to a layer and r is referred to as the 

transmission rank. In this way, spatial multiplexing is achieved since multiple symbols 

can be transmitted simultaneously overthe same Time/Frequency Resource Element 

(TFRE). The number of symbols r is typically adapted to suit the current channel 

properties.

The received NR x 1 vector yn for a certain TFRE on subcarrier n (or 

alternatively data TFRE number n) is thus modeled by

yn knWsn + en 

where en is a noise/interference vector obtained as realizations of a random process. 

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

frequency sélective.

The precoder matrix W is often chosen to match the characteristics of the 

NrxNt ΜΙΜΟ channel matrix Hn, resulting in so-called channel dépendent precoding. 

This is 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 User Equipment device (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.

One example method for a UE to select a precoder matrix W can be to 

select the Wk that maximizes the Frobenius norm of the hypothesized équivalent 

channel:

™χΙΙ^Λ||ρ 

where

• Hn is a channel estimate, possibly derived from SRS.

• Wk is a hypothesized precoder matrix with index k.

• HnWk is the hypothesized équivalent channel.
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In closed-loop precoding for the NR uplink, the Transmission Réception 

Point (TRP) transmits, based on channel measurements in the reverse link (UL), TPMI 

to the UE that the UE should use on its UL antennas. The NR base station (gNB) 

configures the UE to transmit Sounding Reference Signal (SRS) according to the 

number of UE antennas it would like the UE to use for UL transmission to enable the 

channel measurements. A single precoder that is supposed to cover a large 

bandwidth (wideband precoding) may be signaled.

Other information than TPMI is generally used to détermine the UL ΜΙΜΟ 

transmission state, such as SRS Resource Indicators (SRIs) as well as Transmission 

Rank Indicators (TRIs). These parameters, as well as the Modulation and Coding 

State (MCS), and the UL resources where Physical Uplink Shared Channel (PUSCH) 

is to be transmitted, are also determined by channel measurements derived from SRS 

transmissions from the UE. The transmission rank, and thus the number of spatially 

multiplexed layers, is reflected in the number of columns of the precoder IV. For 

efficient performance, it is important that a transmission rank that matches the channel 

properties is selected.

SRS Transmission in NR

SRSs are used for a variety of purposes in LTE, and are expected to serve 

similar purposes in NR. One primary use for SRS is for UL channel state estimation, 

allowing channel quality estimation to enable UL link adaptation (including 

détermination of which MCS state the UE should transmit with) and/or frequency- 

selective scheduling. In the context of UL ΜΙΜΟ, they can also be used to détermine 

precoders and a number of layers that will provide good UL throughput and/or Signal 

to Interférence plus Noise Ratio (SINR) when the UE uses them for transmission on 

its UL antenna array. Additional uses include power control and UL timing advance 

adjustment.

Unlike LTE Release 14, at least some NR UEs may be capable of 

transmitting multiple SRS resources. This is similar conceptually to multiple Channel 

State Information Reference Signal (CSI-RS) resources on the downlink (DL): an SRS 

resource comprises one or more SRS ports, and the UE may apply a beamformer 

and/or a precoder to the SRS ports within the SRS resource such that they are 

transmitted with the same effective antenna pattern. A primary motivation for defining 

multiple SRS resources in the UE is to support analog beamforming in the UE where a 
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UE can transmit with a variety of beam patterns, but only one at a time. Such analog 

beamforming may hâve relatively high directivity, especially at the higher frequencies 

that can be supported by NR. Earlier LTE uplink ΜΙΜΟ and transmit diversity designs 

did not focus on cases where high directivity beamforming could be used on different 

SRS ports, and so a single SRS resource was sufficient. When an NR UE transmits 

on different beams, the power received by the TRP can be substantially different. 

One approach could be to hâve a single SRS resource, but to indicate to the UE 

which of its beams to use for transmission. However, since UE antenna designs vary 

widely among UEs and UE antenna patterns can be highly irregular, it is infeasible to 

hâve a predetermined set of UE antenna patterns with which the TRP could control 

UE UL precoding or beamforming. Therefore, an NR UE may transmit on multiple 

SRS resources using a distinct effective antenna pattern on each SRS resource, 

allowing the TRP to détermine the composite channel characteristics and quality for 

the different effective antenna patterns used by the UE. Given this association of 

each effective antenna pattern with a corresponding SRS resource, the TRP can then 

indicate to the UE which of one or more effective antenna patterns should be used for 

transmission on PUSCH (or other physical channels or signais) through one or more 

SRS resource indicators, or ‘SRIs’.

Non-codebook based precoding
NR also supports non-codebook based transmission/precoding for PUSCH 

in addition to codebook based precoding. For this scheme a set of SRS resources are 

transmitted where each SRS resource corresponds to one SRS port precoded by 

some precoder selected by the UE. The gNB can then measure the transmitted SRS 

resources and feedback to the UE one or multiple SRIs to instruct the UE to perform 

PUSCH transmission using the precoders corresponding to the referred SRS 

resources. The rank in this case will be determined from the number of SRIs fed back 

to the UE.

By configuring the UE with the higher layer parameter SRS-AssocCSIRS 

and with the higher layer parameter ulTxConfig set to 'NonCodebook', the UE may be 

configured with a Non-Zero Power (NZP) CSI-RS to utilize reciprocity to create the 

precoders used for SRS and PUSCH transmission. Hence by measuring on the 

specified CSI-RS the UE will be able to perform gNB transparent precoding based on 

reciprocity.
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Another mode of operation is to instead let the UE choose the precoders 

such that each SRS resource corresponds to one UE antenna. Hence, in this case 

the SRS resource would be transmitted from one UE antenna at the time and the SRIs 

would hence correspond to different antennas. Thus, by choosing the UE precoders 

like this the gNB will be able to perform antenna sélection at the UE by referring to the 

different SRIs which in turn will correspond to different antennas.

As indicated above, non-codebook based precoding includes both antenna 

sélection and gNB transparent reciprocity based precoding.

UE cohérence capability in NR
Depending on UE implémentation, it may be possible to maintain the 

relative phase of the transmit chains. In this case, the UE can form an adaptive array 

by selecting a beam on each transmit chain, and by transmitting the same modulation 

symbol on the selected beams of both transmit chains using a different gain and/or 

phase between the transmit chains. This transmission of a common modulation 

symbol or signal on multiple antenna éléments with controlled phase can be labeled 

‘cohérent’ transmission’. The support for cohérent uplink ΜΙΜΟ transmission in LTE 

Release 10 is indicated via a feature group indication for relative transmit phase 

continuity for UL spatial multiplexing, wherein a UE indicates if it can adequately 

maintain the relative phase of transmit chains over time in orderto support cohérent 

transmission.

In other UE implémentations, the relative phase ofthe transmit chains may 

not be well controlled, and cohérent transmission may not be used. In such 

implémentations, it may still be possible to transmit on one ofthe transmit chains at a 

time, or to transmit different modulation symbols on the transmit chains. In the latter 

case, the modulation symbols on each transmit chain may form a spatially 

multiplexed, or ‘ΜΙΜΟ’, layer. This class of transmission may be referred to as ‘non- 

coherent’ transmission. Such non-coherent transmission schemes may be used by 

LTE Release 10 UEs with multiple transmit chains, but that do not support relative 

transmit phase continuity.

In still other UE implémentations, the relative phase of a subset ofthe 

transmit chains is well controlled, but not over ail transmit chains. One possible such 

example would be multi-panel operation, where phase is well controlled among 

transmit chains within a panel, but phase between panels is not well controlled. This 
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class of transmission may be referred to as ‘partially-coherent’.

Ail three of these variants of relative phase control hâve been agreed for 

support in NR, and so UE capabilities hâve been defined forfull cohérence, partial 

cohérence, and non-coherent transmission. Full cohérence, partial cohérence, and 

non-coherent UE capabilities are identified according to the terminology of Third 

Génération Partnership Project (3GPP) Technical Spécification (TS) 38.331 Version 

15.0.1 as ‘fullAndPartialAndNonCoherent’, ‘partialCoherent’, and ‘nonCoherent’, 

respectively. This terminology is used because a UE supporting fully cohérent 

transmission is also capable of supporting partial and non-coherent transmission and 

because a UE supporting partially cohérent transmission is also capable of supporting 

and non-coherent transmission. A UE can then be configured to transmit using a 

subset of the UL ΜΙΜΟ codebook that can be supported with its cohérence capability. 

In 38.214 section 6.1.1, the UE can be configured with higher layer parameter 

ULCodebookSubset, which can hâve values ‘fullAndPartialAndNonCoherent’, 

‘partialAndNonCoherent’, and ‘nonCoherent’, indicating that the UE uses subsets of a 

codebook that can be supported by UEs with fully cohérent, partially cohérent, and 

non-coherent transmit chains.

Antenna ports

In TS 38.211 V15.0.0 section 6.3.1.5, the vector z corresponding to the 

antenna ports is specified for codebook based and non-codebook based precoding as 

follows:

The block of vectors [/¾) ... /^(of, / = 0,1,...,/1¾-i shal1 be 

precoded according to

y(0)(0 
: = w ;

where f.oj....-1, The set of antenna ports .. |
shall be determined according to the procedure in [6, TS 38.214].
For non-codebook-based transmission, the precoding matrix w 
equals the identity matrix.

For codebook-based transmission, the precoding matrix w is given 
by w = t for single-layer transmission on a single antenna port, 
otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index 
obtained from the DCI scheduling the uplink transmission.
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UL Power Control

Setting output power levels of transmitters, base stations in DL, and mobile 

stations in UL in mobile Systems is commonly referred to as Power Control (PC). 

Objectives of PC include improved capacity, coverage, improved System robustness, 

and reduced power consumption.

In LTE, PC mechanisms can be categorized into the groups (i) open-loop, 

(ii) closed-loop, and (iii) combined open- and closed loop. These differ in what input is 

used to détermine the transmit power. In the open-loop case, the transmitter 

measures some signal sent from the receiver, and sets its output power based on this. 

In the closed-loop case, the receiver measures the signal from the transmitter, and 

based on this sends a Transmit Power Control (TPC) command to the transmitter, 

which then sets its transmit power accordingly. In a combined open- and closed-loop 

scheme, both inputs are used to set the transmit power.

In Systems with multiple channels between the terminais and the base 

stations, e.g. traffic and control channels, different power control principles may be 

applied to the different channels. Using different principles yields more freedom in 

adapting the power control principle to the needs of individual channels. The 

drawback is increased complexity of maintaining several principles.

Power control in NR

In TS 38.213 (V15.0.1 ), the UL power control for NR is specified in section 7 

and it is specified how to dérivé PpuscH,f,c(iJ,qd, 0 which can be described as the 

“output” from the UL power control framework; this is the intended output power that 

should be used by the UE to conduct PUSCH transmission. When performing 

PUSCH transmission it is specified in TS 38.213 section 7.1 that:

“For PUSCH, a UE first sca/es a linear value PÎUXiiJfo,j,qd,i) of the 
transmit power PPVSCliJ.c(i,j,qd,i) on UL BWP b, as described in Subclause 
12, of carrier f of serving cell c, with parameters as defined in 
Subclause 7.1.1, by the ratio of the number of antenna ports with a non- 
zero PUSCH transmission to the number of configured antenna ports for 
the transmission scheme. The resulting scaled power is then split 
equally across the antenna ports on which the non-zero PUSCH is 
transmitted.”

As described herein, the inventors hâve found that the current UL power 

control scheme for PUSCH specified for NR has several problems. Solutions for
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addressing these problems are disclosed herein.

Summary

Systems and methods are disclosed herein for determining, or controlling, a 

power to be used for a set of antenna ports for a physical uplink shared channel 

transmission. In some embodiments, a User Equipment (UE) comprises processing 

circuitry configured to dérivé a power P to be used for uplink power control for a 

physical uplink shared channel transmission and détermine a power to be used for a 

set of antenna ports based on the power P according to a rule that dépends on 

whether the UE is utilizing codebook based transmission or non-codebook based 

transmission for the physical uplink shared channel transmission. The set of antenna 

ports is antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, the UE further comprises an 

interface, and the processing circuitry is further configured to transmit, via the 

interface, the physical uplink shared channel transmission using the set of antenna 

ports.

In some embodiments, for a case of non-codebook based precoding and 

reciprocity based transmission, the rule is such that the power P is equally divided 

across the set of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power. In orderto détermine the power to 

be used for the set of antenna ports based on the power P in accordance with the 

rule, the processing circuitry is further configured to equally divide the power P across 

the set of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. Further, in some embodiments, the rule is such that, 

for a case of non-codebook based precoding and non-coherent transmission, in order 

to détermine the power to be used for the set of antenna ports based on the power P 

according to the rule, the processing circuitry is further configured to: dérivé a second 

power P’ by scaling the power P with a ratio of a number of antenna ports on which 

the physical uplink shared channel transmission is transmitted with non-zero power to 

a number of configured antenna ports at the UE; and equally divide the second power 

P’ across the set of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power.

In some embodiments, the rule is such that, for a case of codebook based 

transmission, in order to détermine the power to be used for the set of antenna ports 
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based on the power P according to the rule, the processing circuitry is further 

configured to: dérivé a second power P’ by scaling the power P with a ratio of a 

number of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power to a number of antenna ports at the UE; and equally 

divide the second power P’ across the set of antenna ports on which the physical 

uplink shared channel transmission is transmitted with non-zero power. In some 

embodiments, the number of antenna ports at the UE is the number of Sounding 

Reference Signal (SRS) ports in an SRS resource at the UE.

In some embodiments, the rule is such that, in orderto détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

processing circuitry is further configured to dérivé a ratio a = K — where p is a 
p

number of antenna ports used for the physical uplink shared channel transmission and 

Po is a number of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power. K - 1 if the UE has full cohérence 

transmission capability in case of codebook based transmission, K = 2 if the UE has 

partial cohérence transmission capability in case of codebook based transmission with 

four antenna ports, and K = 2 or K = 4 if the UE has non-coherence transmission 

capability in case of codebook based transmission and two or four antenna ports, 

respectively. The rule is further such that, in orderto détermine the powerto be used 

for the set of antenna ports based on the power P according to the rule, the 

Processing circuitry is further configured to dérivé a second power P’ by scaling the 

power P with a ratio β = min{l, a} and equally divide the second power P’ across the 

set of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, K = 1 if the UE performs 

non-codebook based transmission.

In some embodiments, the rule is such that, in order to détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

processing circuitry is further configured to dérivé a second power P’ by scaling the 

power P with a ratio. The ratio is derived as a function depending on whether the UE 

is utilizing codebook based transmission or non-codebook based transmission for the 

physical uplink shared channel transmission and: a capability of the UE in terms of full 

cohérence, partial cohérence, or non-coherence transmission; a number of antenna 

ports, in the set of antenna ports, on which a non-zero physical uplink shared channel 

is transmitted; a number of antenna ports, in the set of antenna ports, used for the 
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physical uplink shared channel transmission; and/or a number of antenna ports, in the 

set of antenna ports, at the UE. In some embodiments, the ratio is derived by 

selecting the ratio from a set of predetermined values. In some embodiments, in order 

to détermine the power to be used for the set of antenna ports based on the power P 

according to the rule, the processing circuitry is further configured to equally divide the 

second power P’ across the set of antenna ports on which the physical uplink shared 

channel transmission is transmitted with non-zero power.

In some embodiments, the rule is such that the second power P’ may equal 

the power P for rank 1 transmission for: at least two UE capabilities from a group of 

UE capabilities consisting of: a capability to perform full cohérence transmission, a 

capability to perform partial cohérence transmission, and a capability to perform non- 

coherence transmission; and/or for both codebook based and non-codebook based 

transmission.

In some other embodiments, a UE comprises processing circuitry 

configured to dérivé a power P to be used for uplink power control for a physical uplink 

shared channel transmission and détermine a power to be used for a set of antenna 

ports based on the power P according to a rule. The rule dépends on a capability of 

the UE in terms of full cohérence, partial cohérence, or non-coherence transmission, 

the set of antenna ports being antenna ports on which the physical uplink shared 

channel transmission is transmitted with non-zero power. In some embodiments, the 

UE further comprises an interface, and the processing circuitry is further configured to 

transmit, via the interface, the physical uplink shared channel transmission using the 

set of antenna ports.

In some embodiments, the rule is such that, for a case of non-codebook 

based precoding and reciprocity based transmission, in order to détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

Processing circuitry is further configured to equally divide the power P across the set 

of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, the rule is such that, for a 

case of non-codebook based precoding and non-coherent transmission, in order to 

détermine the power to be used for the set of antenna ports based on the power P 

according to the rule, the processing circuitry is further configured to: dérivé a second 

power P’ by scaling the power P with a ratio of a number of antenna ports on which 

the physical uplink shared channel transmission is transmitted with non-zero power to
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a number of configured antenna ports at the UE; and equally divide the second power 

P’ across the set of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power.

In some embodiments, the rule is such that, for a case of codebook based 

transmission, in order to détermine the power to be used for the set of antenna ports 

based on the power P according to the rule, the processing circuitry is further 

configured to: dérivé a second power P’ by scaling the power P with a ratio of a 

number of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power to a number of antenna ports at the UE; and equally 

divide the second power P’ across the set of antenna ports on which the physical 

uplink shared channel transmission is transmitted with non-zero power. In some 

embodiments, the number of antenna ports at the UE is the number of SRS ports in 

an SRS resource at the UE.

In some embodiments, the rule is such that, in order to détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

processing circuitry is further configured to dérivé a ratio a = K — where p is a 
p

number of antenna ports used for the physical uplink shared channel transmission and 

pQ is a number of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power. K = 1 if the UE has full cohérence 

transmission capability in case of codebook based transmission, K = 2 if the UE has 

partial cohérence transmission capability in case of codebook based transmission with 

four antenna ports, and K = 2 or K = 4 if the UE has non-coherence transmission 

capability in case of codebook based transmission and two or four antenna ports, 

respectively. The rule is further such that, in order to détermine the power to be used 

for the set of antenna ports based on the power P according to the rule, the 

Processing circuitry is further configured to dérivé a second power P’ by scaling the 

power P with a ratio β = a } and equally divide the second power P’ across the 

set of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, K = 1 if the UE performs 

non-codebook based transmission.

In some embodiments, the rule is such that, in order to détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

Processing circuitry is further configured to dérivé a second power P’ by scaling the 

power P with a ratio. The ratio is derived as a function depending on the capability of 
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the UE in terms of full cohérence, partial cohérence, or non-coherence transmission 

and: whether the UE is utilizing codebook based transmission or non-codebook based 

transmission for the physical uplink shared channel transmission; a number of 

antenna ports, in the set of antenna ports, on which a non-zero physical uplink shared 

channel is transmitted; a number of antenna ports, in the set of antenna ports, used 

for the physical uplink shared channel transmission; and/or a number of antenna 

ports, in the set of antenna ports, at the UE. In some embodiments, the ratio is 

derived by selecting the ratio from a set of predetermined values. In some 

embodiments, in order to détermine the power to be used for the set of antenna ports 

based on the power P according to the rule, the processing circuitry is further 

configured to equally divide the second power P’ across the set of antenna ports on 

which the physical uplink shared channel transmission is transmitted with non-zero 

power.

In some embodiments, the rule is such that the second power P’ may equal 

the power P for rank 1 transmission for: at least two UE capabilities from a group of 

UE capabilities consisting of: a capability to perform full cohérence transmission, a 

capability to perform partial cohérence transmission, and a capability to perform non- 

coherence transmission; and/or for both codebook based and non-codebook based 

transmission.

Embodiments of a method implemented in a UE are also disclosed. In 

some embodiments, a method implemented in a UE comprises deriving a power P to 

be used for uplink power control for a physical uplink shared channel transmission and 

determining a power to be used for a set of antenna ports based on the power P 

according to a rule that dépends on whether the UE is utilizing codebook based 

transmission or non-codebook based transmission for the physical uplink shared 

channel transmission, the set of antenna ports being antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power. In 

some embodiments, the method further comprises transmitting the physical uplink 

shared channel transmission using the set of antenna ports.

In some embodiments, the rule is such that, for a case of non-codebook 

based precoding and reciprocity based transmission, determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises equally dividing the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power.
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In some embodiments, the rule is such that, for a case of codebook based 

transmission, determining the power to be used for the set of antenna ports based on 

the power P according to the rule comprises: deriving a second power P’ by scaling 

the power P with a ratio of a number of antenna ports on which the physical uplink 

shared channel transmission is transmitted with non-zero power to a number of 

antenna ports at the UE; and equally dividing the second power P’ across the set of 

antenna ports on which the physical uplink shared channel transmission is transmitted 

with non-zero power. In some embodiments, the number of antenna ports at the UE 

is the number of SRS ports in an SRS resource at the UE.

In some embodiments, the rule is such that determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises deriving a ratio a = K where p is a number of antenna ports used for 

the physical uplink shared channel transmission and p0 is a number of antenna ports 

on which the physical uplink shared channel transmission is transmitted with non-zero 

power. K = 1 if the UE has full cohérence transmission capability in case of codebook 

based transmission, K = 2 if the UE has partial cohérence transmission capability in 

case of codebook based transmission with four antenna ports, and K = 2 or K = 4 if 

the UE has non-coherence transmission capability in case of codebook based 

transmission and two or four antenna ports, respectively. The rule is further such that 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule further comprises deriving a second power P’ by scaling the 

power P with a ratio β = a } and equally dividing the second power P’ across 

the set of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, K = 1 if the UE performs 

non-codebook based transmission.

In some embodiments, the rule is such that determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises deriving a second power P’ by scaling the power P with a ratio, where the 

ratio is derived as a function depending on whether the UE is utilizing codebook based 

transmission or non-codebook based transmission for the physical uplink shared 

channel transmission and: a capability ofthe UE in terms of full cohérence, partial 

cohérence, or non-coherence transmission; a number of antenna ports, in the set of 

antenna ports, on which a non-zero physical uplink shared channel is transmitted; a 

number of antenna ports, in the set of antenna ports, used for the physical uplink 
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shared channel transmission; and/or a number of antenna ports, in the set of antenna 

ports, at the UE. In some embodiments, determining the power to be used for the set 

of antenna ports based on the power P according to the rule further comprises equally 

dividing the second power P’ across the set of antenna ports on which the physical 

uplink shared channel transmission is transmitted with non-zero power.

In some embodiments, a method implemented in a UE comprises deriving a 

power P to be used for uplink power control for a physical uplink shared channel 

transmission and determining a power to be used for a set of antenna ports based on 

the power P according to a rule that dépends on dépends on a capability ofthe UE in 

terms of full cohérence, partial cohérence, or non-coherence transmission, the set of 

antenna ports being antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power. In some embodiments, the method 

further comprises transmitting the physical uplink shared channel transmission using 

the set of antenna ports.

In some embodiments, the rule is such that, for a case of non-codebook 

based precoding and reciprocity based transmission, determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises equally dividing the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power.

In some embodiments, the rule is such that, for a case of codebook based 

transmission, determining the power to be used for the set of antenna ports based on 

the power P according to the rule comprises: deriving a second power P’ by scaling 

the power P with a ratio of a number of antenna ports on which the physical uplink 

shared channel transmission is transmitted with non-zero power to a number of 

antenna ports at the UE; and equally dividing the second power P’ across the set of 

antenna ports on which the physical uplink shared channel transmission is transmitted 

with non-zero power. In some embodiments, the number of antenna ports at the UE 

is the number of SRS ports in an SRS resource at the UE.

In some embodiments, the rule is such that determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises deriving a ratio a = K y where p is a number of antenna ports used for 

the physical uplink shared channel transmission and pQ is a number of antenna ports 

on which the physical uplink shared channel transmission is transmitted with non-zero 

power. K = 1 if the UE has full cohérence transmission capability in case of codebook 
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based transmission, K — 2 if the UE has partial-coherence transmission capability in 

case of codebook based transmission with four antenna ports, and K = 2 or K = 4 if 

the UE has non-coherence transmission capability in case of codebook based 

transmission and two or four antenna ports, respectively. The rule is further such that 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule further comprises deriving a second power P’ by scaling the 

power P with a ratio β = a } and equally dividing the second power P’ across 

the set of antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power. In some embodiments, K = 1 if the UE performs 

non-codebook based transmission.

In some embodiments, the rule is such that determining the power to be 

used for the set of antenna ports based on the power P according to the rule 

comprises deriving a second power P’ by scaling the power P with a ratio, where the 

ratio is derived as a function depending on the capability of the UE in terms offull 

cohérence, partial cohérence, or non-coherence transmission and: whether the UE is 

utilizing codebook based transmission or non-codebook based transmission for the 

physical uplink shared channel transmission; a number of antenna ports, in the set of 

antenna ports, on which a non-zero physical uplink shared channel is transmitted; a 

number of antenna ports, in the set of antenna ports, used for the physical uplink 

shared channel transmission; and/or a number of antenna ports, in the set of antenna 

ports, at the UE. In some embodiments, determining the power to be used for the set 

of antenna ports based on the power P according to the rule further comprises equally 

dividing the second power P’ across the set of antenna ports on which the physical 

uplink shared channel transmission is transmitted with non-zero power.

Brief Description of the Drawinqs

The drawings illustrate selected embodiments of the disclosed subject 

matter. In the drawings, like reference labels dénoté like features.

Figure (FIG.) 1 illustrâtes a transmission structure of precoded spatial 

multiplexing mode in New Radio (NR).

FIG. 2 through FIG. 4 illustrate example User Equipment (UE) 

implémentations.

FIG. 5 illustrâtes a wireless network in accordance with some embodiments.

FIG. 6 illustrâtes a UE in accordance with some embodiments.
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FIG. 7 illustrâtes a virtualization environment in accordance with some 

embodiments.

FIG. 8 illustrâtes a télécommunication network connected via an 

intermediate network to a host computer in accordance with some embodiments.

FIG. 9 illustrâtes a host computer communicating via a base station with a 

UE over a partially wireless connection in accordance with some embodiments.

FIG. 10 illustrâtes methods implemented in a communication system 

including a host computer, a base station, and a UE in accordance with some 

embodiments.

FIG. 11 illustrâtes methods implemented in a communication system 

including a host computer, a base station, and a UE in accordance with some 

embodiments.

FIG. 12 illustrâtes methods implemented in a communication system 

including a host computer, a base station, and a UE in accordance with some 

embodiments.

FIG. 13 illustrâtes methods implemented in a communication system 

including a host computer, a base station, and a UE in accordance with some 

embodiments.

FIG. 14 illustrâtes a virtualization apparatus in accordance with some 

embodiments.

FIG. 15 illustrâtes a method in accordance with some embodiments.

FIG. 16 illustrâtes a flow chart that illustrâtes the operation of a UE in 

accordance with some embodiments.

Detailed Description

Some of the embodiments contemplated herein will now be described more 

fully with reference to the accompanying drawings. Other embodiments, however, are 

contained within the scope of the subject matter disclosed herein, the disclosed 

subject matter should not be construed as limited to only the embodiments set forth 

herein; rather, these embodiments are provided by way of example to convey the 

scope of the subject matter to those skilled in the art. Additional information may also 

be found in any document(s) provided in an Appendix hereto.

Generally, ail terms used herein are to be interpreted according to their 

ordinary meaning in the relevant technical field, unless a different meaning is clearly 
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given and/or is implied from the context in which it is used. AH references to a/an/the 

element, apparatus, component, means, step, etc. are to be interpreted openly as 

referring to at least one instance of the element, apparatus, component, means, step, 

etc., unless explicitly stated otherwise. The steps of any methods disclosed herein do 

not hâve to be performed in the exact order disclosed, unless a step is explicitly 

described as following or preceding another step and/or where it is implicit that a step 

must follow or précédé another step. Any feature of any of the embodiments 

disclosed herein may be applied to any other embodiment, wherever appropriate. 

Likewise, any advantage of any of the embodiments may apply to any other 

embodiments, and vice versa. Other objectives, features, and advantages ofthe 

enclosed embodiments will be apparent from the description.

Certain concepts may be described herein with reference to particular 

technology fields or standards and/or using language applicable to those fields and/or 

standards. For instance, certain embodiments may be described with reference to 

cells, subframes/slots, channels, etc. as understood in the context of Long Term 

Evolution (LTE), or with reference to beams, slots/mini-slots, channels, etc. as 

understood in the context of Third Génération Partnership Project (3GPP) New Radio 

(NR). Nevertheless, unless otherwise indicated, the described concepts may be more 

generally applicable and are not to be limited according to any such field, standard, 

language, etc.

As discussed above, uplink (UL) power control in 3GPP NR is specified in 

Technical Spécification (TS) 38.213 (V15.0.1). In TS 38.213 (V15.0.1 ), the UL power 

control for NR is specified in section 7. Section 7 of TS 38.213 (V15.0.1) spécifiés 

how to dérivé PPUScH,f,c(iJ> Va· 0, which can be described as the “output” from the UL 

power control framework. This is the intended output power that should be used by 

the User Equipment (UE) to conduct Physical Uplink Shared Channel (PUSCH) 

transmission. When performing PUSCH transmission, TS 38.213 section 7.1 

spécifiés that:

For PUSCH, a UE first scales a linear value PWSCii.fx(i,j,<idd) of the 
transmit power PpUScH,/,c(WJrf J) on UL BWP b, as described in 
Subclause 12, of carrier y of serving cell c, with parameters as defined 
in Subclause 7.1.1, by the ratio of the number of antenna ports with a 
non-zero PUSCH transmission to the number of configured antenna 
ports for the transmission scheme. The resulting scaled power is then 
split equally across the antenna ports on which the non-zero PUSCH is 
transmitted.”
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UL power control for PUSCH as specified in TS 38.213, Section 7.1 

(V15.0.1) has several implications. The above power control supports the UE 

implémentation #1 shown in Figure 2 for codebook based operation, where rank 1 

transmission is shown. Each transmit chain only requires a Power Amplifier (PA)

5 capable of one fourth of the total transmit power PpuscnjA^J’ Qcb 0 which is denoted 

herein as P. Note that each transmit chain in this example is presumed to carry a 

Sounding Reference Signal (SRS); that is, “non-precoded” SRS is used.

Consequently, the NR base station (gNB) can estimate the total power received from 

ail UE transmit chains as the sum of the power on the SRSs.

10 Three examples are illustrated below for implémentation #1 using codebook

based precoding. Four antenna ports and rank 1 transmission are considered.

Regarding these examples, it is noted that:

• The first example “CB, non-coherent“ corresponds to a codeword that can be 

used by UEs with ail three different UE capabilities in terms of non-coherent, 

15 partially-coherent, and full cohérent.

• The second example, “CB, partially-coherent”, can be used by UEs with 

partially-coherent and full cohérent capability.

• The third example, “CB, fully cohérent”, can be used only by UEs with full

cohérent capability.

Example TPMI Rank Precoder 

(from TS 

38.211

V15.0.0)

Effective 

precoder after 

power control.

Maximum 

total 

transmit 

power

CB, non- 

coherent

TPMI=0 1

2

T
0 
0 
0

sqrt(P/4) *

Ί’
0
0
0

P/4

CB, partially- 

coherent’

TPMI=4 1

2

T 
0 
1 
0

sqrt(P/4)

Ί’ 
0 
1 
0

P/2
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CB, fully 

cohérent

TPMI=12 1
£ 
2

T
1 
1
1

sqrt(P/4) *

T
1 
1 
1

P

5

10

15

20

25

From the above examples, it is noted that, for the case of antenna sélection 

i.e. “CB, non-coherent”, only P/4 is transmitted. The reason for this is that the 

spécification States that one should scale the power P “by the ratio of the number of 

antenna ports with a non-zero PUSCH transmission to the number of configured 

antenna ports for the transmission scheme”. Thus, antenna ports transmitting no 

power will reduce the total power. Hence, the total power generated by using this 

precoder will be lower than if the codeword as given by Transmit Precoder Matrix 

Indicator (TPMI) = 12 were used. This property is désirable since it will allow the UE 

implémentation as illustrated above.

Certain embodiments are presented herein in récognition of shortcomings 

associated with conventional techniques and technologies, such as the following. 

Current spécifications for how to use Ppusch./.c^J' Va, 0 when performing a 

transmission work well for a typical UE layout and codebook based transmission for a 

UE with full cohérence capability. However, the design is not as efficient for non- 

codebook based transmission and for UEs with other capabilities.

A number of problems will now be described. A first problem (Problem 1 ) 

relates to non-codebook based transmission. Consider the two implémentations 

illustrated in Figures 3 (Implémentation #2) and Figure 4 (Implémentation #3) that 

illustrate non-codebook based transmission.

For implémentation #2, corresponding to antenna sélection, it is assumed 

that the first SRS resource is precoded with:

’f 
0 
0 ' 
0_ 

This implies that PUSCH will be transmitted as in the table below given that SRS 

Resource Indicator (SRI) = 1 is signaled from the gNB to the UE. Because the 

number of antenna ports with a Non-Zero Power (NZP) PUSCH transmission is 1 and 

since four antenna ports are configured for non-codebook based transmission, power 



20213
20

control will set the total output power to P/4. This is not bénéficiai for implémentation 

#2 since it is désirable for UEs to transmit the required maximum power on each 

transmit chain.

Case SRI Rank Precoder 
corresponding 
to SRS 
resource 1

Effective precoder 
after power 
control.

Maximum 
total 
transmit 
power

NCB, antenna 
sélection

1 1 T
0
0
0_

sqrt(P/4) *

"Γ
0
0
0

P/4

5

10

15

20

Implémentation #3 corresponds to gNB transparent reciprocity based 

precoding, and so the UE, rather than the gNB, détermines the precoder. Therefore, 

the precoding weights are denoted as vt instead of as W[ used in implémentation #1. 

Because each Vj can attain any suitable value that the UE selects, possible values of 

wt are a subset of those of One possibility is that the first SRS resource is 

precoded with

T 
i 

v = 
1 
1

This implies that PUSCH will be transmitted as below given that SRI = 1 is signaled 

from the gNB to the UE. While the number of antennas transmitting is four, the 

number of antenna ports with a non-zero PUSCH transmission is still 1 as in the 

above example. Further, since four antenna ports are configured for non-codebook 

based transmission, power control will set the output power in the single transmitting 

antenna port to P/4, which the means the total output power is again P/4. Hence, 

although ail antennas are used for transmission, the UE will do a power backoff since 

not ail antenna ports are used. This is an undesired behavior since it will decrease 

the performance of non-cookbook precoding.

Case SRI Rank Precoder 
corresponding 
to SRS 
re source 1

Effective 
precoder after 
power control.

Maximum 
total 
transmit 
power
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NCB, 
reciprocity 
based

1 1 T
1
1
1

sqrt(P/16) *

T
1
1
1

P/4

A second problem (Problem 2) relates to UEs with non-coherent and partial 

cohérence capabilities. If a UE with full cohérence capabilities is considered, this UE 

may transmit as below for codebook based transmission given the current

5 spécification:

Case TPMI Rank Precoder 
(from TS 
38.211
V15.0.0)

Effective 
precoder after 
power control.

Maximum 
total 
transmit 
power

CB, fully 
cohérent

TPMI=12 1 Γι’ 
q i 
2 1 

[1

H 

sqrt(P/4) * J

Ld

P

CB, fully 
cohérent, rank2

TPMI=15 2
1

2 VI

’l 1 Ί
1 1
1 -1
1 -d

Fl 1Ί

sqrt(P/8) J

L1 -d

P

Here, it is noted that, when the UE goes up in rank, the power per layer 

goes down. This is an intended behavior since it enables the UE to choose a lower 

rank to increase Signal to Noise Ratio (SNR) or alternatively increase rank when the 

10 SNR is high.

For a UE with non-coherent capability, the UE may instead transmit as 

follows:

Case TPMI Rank Precoder 
(from TS 
38.211
V15.0.0)

Effective 
precoder after 
power control.

Maximum 
total 
transmit 
power

CB, non- 
coherent

TPMI=0 1

2

T
0 
0
0

sqrt(P/4) *

’f
0
0
0

P/4
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CB, non- 
coherent

TPMI=0 2

2

Ί o~
0 1
0 0

_0 0

sqrt(P/4)

Ί 0"
0 1
0 0
0 0

P/2

5

10

15

20

25

30

Hence, the behavior is the opposite ofthe desired behavior; the power per 

layer is constant and lowering rank will hence not increase the SNR. This makes it 

less appealing for the UE to use a lower rank. Furthermore, although the UE is 

allowed to transmit with a total power of P, as defined by the UL power control 

framework, the UE will only do so when using full rank. This is a severe limitation 

since it implies that when P reaches its maximal possible value P_cmax, the UE will 

transmit with P_cmax/4. A UE reaching P_cmax is typically a UE corresponding to 

low SNR and, for such a UE, a low rank transmission with as high power as possible 

is typically a suitable strategy.

Embodiments are described herein that address the aforementioned 

problems. In certain embodiments ofthe disclosed subject matter, new approaches 

are provided for controlling power (P) for PUSCH transmission. Certain embodiments 

involve defining a ratio of P that should be transmitted based on, e.g., (i) information 

about non-codebook based or codebook based transmission, (ii) information about UE 

capability for cohérent transmission, and/or (iii) relying on a number of antenna ports 

used for PUSCH transmission instead of the number of configured antenna ports.

Certain embodiments ofthe disclosed subject matter may provide potential 

benefits compared to conventional techniques and technologies, such as the following 

examples. Certain embodiments provide efficient transmission for both codebook 

based precoding as well as non-codebook based precoding. Some such 

embodiments enable (a) UEs transmitting with non-codebook based reciprocity to 

utilize full power for rank 1, or (b) UEs with non-coherent and partial cohérent 

capabilities to transmit with full power for rank 1 and also enable the UEs to increase 

rank at the cost of lower power per layer.

The following description présents several embodiments on PUSCH 

transmission. The behavior of certain different embodiments in terms of total power is 

illustrated in Table 1.

Embodiment 1: Split power equally over used antenna ports
In one embodiment, the ratio ofthe power that should be used is specified 
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in terms of number of ports {p0, -,pp-i} in PUSCH (i.e., the number of antenna ports 

used for the PUSCH transmission) instead of the number of configured ports. In 

terms of spécification text this may be written as below, based on version 15.0.1 of 

3GPPTS 38.213 section 7.1:

For PUSCH, a UE first scales a linear value Ausch,/,c(a.âW) of the 
transmit power Ppusch././^À^V) on UL BWP b, as described in 
Subclause 12, of carrier / of serving cell c, with parameters as 
defined in Subclause 7.1.1, by the ratio of the number of antenna 
ports with a non-zero PUSCH transmission to p, where p is the 
number of antenna ports according to 38.211 6.3.1.5. The
resulting scaled power is then split equally across the antenna 
ports on which the non-zero PUSCH is transmitted.

In some embodiments, when a codebook based mode of operation is used, 

p corresponds to a number of antenna ports over which a precoder in a codebook can 

apply for PUSCH transmission; while when a non-codebook based mode of operation 

is used, p corresponds to a number of antenna ports and spatial layers on which a 

PUSCH is transmitted. Hence, for non-codebook transmission, a ratio of 1 that should 

be divided on the different antenna ports in case of rank 1 transmission is obtained 

(instead as % as in the current text of 3GPP TS 38.213 V15.0.1).

Embodiment 2: Apply different power splitting strategies depending on 
transmission approach

In some embodiments, it may be désirable to support UE implémentations 

with N transmit chains having PAs with maximum power P/N (such as 

implémentations #1 and #3). In one such embodiment, P is determined as follows:

• In case of codebook based precoding, do as in spécification 38.213 V15.0.1 

section 7.1.

• In case of non-codebook based precoding and non-coherent operation, do as 

in 38.213 V15.0.1 section 7.1.

o Non-coherent operation may be characterized for non-codebook based 

operation as when the UE does not calculate precoders using 

reciprocity. More precisely, the UE using non-codebook based 

transmission does not measure NZP Channel State Information 

Reference Signal (CSI-RS) resource to calculate the precoders used for 

transmission PUSCH and SRS. Such a configuration may be identified 

as when the UE is configured with higher layer parameter ulTxConfig set 
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to 'NonCodebook' but is not configured with SRS-AssocCSIRS.

• In case of non-codebook based precoding and reciprocity based transmission, 

split the power P equally over the antenna ports (p0,...,

o Cohérent operation may be characterized for non-codebook based 

operation as when the UE calculâtes precoders using reciprocity 

according to the définition above. Such a configuration may be identified 

as when the UE is configured with higher layer parameter ulTxConfig set 

to 'NonCodebook' and is configured with SRS-AssocCSIRS.

This will hence address the problem for the case “NCB, reciprocity based”. 

Potential benefits of this embodiment may include that the total transmitted power for 

non-codebook based operation with cohérent operation increases as compared to the 

current spécification, such that the total power for non-codebook based operation is 

the same as for codebook based operation for a given number of transmit chains and 

maximum transmit power per transmit chain in cohérent operation.

Embodiment 3
In one embodiment, p is defined as the number of antenna ports 

{p0,..., Pp-i] according to TS 38.211 6.3.1.5. Furthermore, let p0 be the number of 

non-zero antenna ports in(p0, ...,pp_1]. K is defined such that

- K = 1 for UEs with full cohérence capability in case of codebook based 

precoding.

- K = 2 for UEs with partial cohérence capability in case of codebook based 

precoding with 4 antenna ports.

- K = 2 or K = 4 for UEs with non-coherence capability in case of codebook 

based precoding and 2 or 4 antenna ports, respectively.

- K = 1 in case of non-codebook-based precoding.

From this, a ratio a = K y is defined and a scaling factor (/?) is derived as 

β = min{l, a }. The PUSCH power control is defined as described below in terms of a 

change to the current language of TS 38.213 V15.0.1 section 7.1 :

For PUSCH, a UE first scales a linear value p^scH.f.c(nj,qd,b of 

transmit power on m_ bvVP b, as described in
Subclause 12, of carrier / of serving cell c, with parameters as 
defined in Subclause 7.1.1, by β and the resulting scaled power is 
then split equally across the antenna ports on which the non-zero
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PUSCH is transmitted.

Some examples of β assuming 2 and 4 configured ports are illustrated 

below.

Transmission 

scheme and 

UE capability 

combination

Po — 1 Po = 2 Po = 3 Po = 4

Number of 

configured 

ports

2 ports 4 ports 2 ports 4 ports 4 ports 4 ports

CB, full 

cohérence

72 7 1 2/4 74 1

CB, partial 

cohérence

1 /2 1 1 1 1

CB, non- 

coherent

1 1 1 1 1 1

NCB 1 1 1 1 1 1

5

10

15

20

In some embodiments, K = 1 when the UE is configured to transmit PUSCH 

on a single antenna port, and in other embodiments β = 1 when the UE is configured 

to transmit PUSCH on a single antenna port.

In some embodiments, UEs are configured to use subsets of an UL 

Multiple-Input-Multiple-Output (ΜΙΜΟ) codebook that are supported by its cohérence 

capability. In such embodiments, the UE can be configured with higher layer 

parameter ULCodebookSubset, which can hâve values 

‘fullAndPartialAndNonCoherent’, ‘partialAndNonCoherent’, and ‘nonCoherent’, 

indicating that the UE uses subsets of a codebook that can be supported by UEs with 

fully cohérent, partially cohérent, and non-coherent transmit chains. In such 

embodiments, the use of the codebook subset parameter allows the UE to adjust its 

power control to match its cohérence capability. This behavior may be described as 

follows:

For PUSCH, a UE first scales a linear value PPVSai/iCb,j,qd,l) of the 
transmit power tpusck/7/,.7,^,/) on UL BWP b , as described in 

Subclause 12, of carrier / of serving cell c, with parameters as 
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defined in Subclause 7.1.1, by β and the resulting scaled power is 
then split equally across the antenna ports on which the non-zero 
PUSCH is transmitted, where β = 1 for single antenna port 
transmission, and for multi-antenna port transmission:
• β = min{l, a } with a = where

o p is the number of antenna ports {Po p ) according to TS 
38.211 6.3.1.5

o po be the number of non-zero antenna ports in [Po p } 
according to TS 38.211 6.3.1.5.

o For non-codebook based transmission K=1. For codebook 
based transmission K is given from the table below, where 
ULCodebookSubset is a higher layer parameter.

ULCodebookSubset Number of UE 
antenna ports

K

fullAndPartialAndNonCoherent 2 1
fullAndPartialAndNonCoherent 4 1
partialCoherent 4 2
nonCoherent 2 2
nonCoherent 4 4

Note: the number of configured ports can correspond to the maximum 

number of spatial layers the UE is capable of transmitting. For codebook based 

precoding, this can refer to the number of SRS ports in an SRS resource, while for 

non-codebook based precoding, this can refer to the total number of SRS ports 

configured to the UE for non-codebook based operation, or it can refer to the total 

number of SRS ports in an SRS resource set intended for use with codebook based 

operation.

CB and NCB refer to codebook based and non-codebook based UE 

capabilities, respectively. Full, partial, and non-coherent UE capabilities may be 

identified according to the terminology of 3GPP TS 38.331 V15.0.1 as 

‘fullAndPartialAndNonCoherent’, ‘partialCoherent’, and ‘nonCoherent’, respectively.

By using β as the ratio of P that should be transmitted on PUSCH, it is 

noted that for most cases in the table full power will be transmitted. The only cases 

corresponding to using a lower power corresponds to the cases in codebook based 

transmission where a gNB has chosen a codeword which structure corresponds to a 

“lower capability” than the UE’s capability; the UE has in this sense an opportunity to 

turn off some of its branches and thereby reduce power consumption.

The following table illustrâtes characteristics of certain embodiments 

discussed above.
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Table 1: Characteristics of certain embodiments

Case UE
capability

Maximum total transmit power
Current 
spec

Emb.1 Emb. 2 Emb. 3

CB, non- 
coherent

non- 
coherent

P/4 P/4 P/4 P

CB, non- 
coherent

partially- 
coherent

P/4 P/4 P/4 P/2

CB, non- 
coherent

fully 
cohérent

P/4 P/4 P/4 P/4

CB, 
partially- 
coherent’

partially- 
coherent

P/2 P/2 P/2 P

CB, 
partially- 
coherent’

fully 
cohérent

P/2 P/2 P/2 P/2

CB, fully 
cohérent

fully 
cohérent

P P P P

NCB, 
antenna 
sélection

non- 
coherent

P/4 P P/4 P

NCB, 
antenna 
sélection

fully 
cohérent

P/4 P P/4 P

NCB, 
reciprocity 
based

fully 
cohérent

P/4 P P P

FIG. 5 illustrâtes a wireless network in accordance with some embodiments.

5 Although the subject matter described herein may be implemented in any appropriate 

type of system using any suitable components, the embodiments disclosed herein are 

described in relation to a wireless network, such as the example wireless network 

illustrated in FIG. 5. For simplicity, the wireless network of FIG. 5 only depicts network 

506, network nodes 560 and 560b, and Wireless Devices (WDs) 510, 510b, and 510c.

10 In practice, a wireless network may further include any additional éléments suitable to 

support communication between wireless devices or between a wireless device and 

another communication device, such as a landline téléphoné, a service provider, or 

any other network node or end device. Of the illustrated components, network node 

560 and WD 510 are depicted with additional detail. The wireless network may

15 provide communication and other types of services to one or more wireless devices to 

facilitate the wireless devices’ access to and/or use of the services provided by, or via, 

the wireless network.
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The wireless network may comprise and/or interface with any type of 

communication, télécommunication, data, cellular, and/or radio network or other 

similar type of System. In some embodiments, the wireless network may be 

configured to operate according to spécifie standards or other types of predefined 

rules or procedures. Thus, particular embodiments of the wireless network may 

implement communication standards, such as Global System for Mobile 

Communications (GSM), Universal Mobile Télécommunications System (UMTS), 

Long Term Evolution (LTE), and/or other suitable Second, Third, Fourth, or Fifth 

Génération (2G, 3G, 4G, or 5G) standards; Wireless Local Area Network (WLAN) 

standards, such as the IEEE 802.11 standards; and/or any other appropriate wireless 

communication standard, such as the Worldwide Interoperability for Microwave 

Access (WiMax), Bluetooth, Z-Wave and/or ZigBee standards.

Network 506 may comprise one or more backhaul networks, core networks, 

Internet Protocol (IP) networks, Public Switched Téléphoné Networks (PSTNs), packet 

data networks, optical networks, Wide Area Networks (WANs), Local Area Networks 

(LANs), WLANs, wired networks, wireless networks, metropolitan area networks, and 

other networks to enable communication between devices.

Network node 560 and WD 510 comprise various components described in 

more detail below. These components work together in orderto provide network node 

and/or wireless device functionality, such as providing wireless connections in a 

wireless network. In different embodiments, the wireless network may comprise any 

number of wired or wireless networks, network nodes, base stations, controllers, 

wireless devices, relay stations, and/or any other components or Systems that may 

facilitate or participate in the communication of data and/or signais whether via wired 

or wireless connections.

As used herein, network node refers to equipment capable, configured, 

arranged, and/or opérable to communicate directly or indirectly with a wireless device 

and/or with other network nodes or equipment in the wireless network to enable 

and/or provide wireless access to the wireless device and/or to perform other 

functions (e.g., administration) in the wireless network. Examples of network nodes 

include, but are not limited to, Access Points (APs) (e.g., radio access points), Base 

Stations (BSs) (e.g., radio base stations, Node Bs, evolved Node Bs (eNBs) and 

gNBs). Base stations may be categorized based on the amount of coverage they 

provide (or, stated differently, their transmit power level) and may then also be 
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referred to as femto base stations, pico base stations, micro base stations, or macro 

base stations. A base station may be a relay node or a relay donor node controlling a 

relay. A network node may also include one or more (or ail) parts of a distributed 

radio base station such as centralized digital units and/or Remote Radio Units 

(RRUs), sometimes referred to as Remote Radio Heads (RRHs). Such RRUs may or 

may not be integrated with an antenna as an antenna integrated radio. Parts of a 

distributed radio base station may also be referred to as nodes in a Distributed 

Antenna System (DAS). Yet further examples of network nodes include Multi- 

Standard Radio (MSR) equipment such as MSR BSs, network controllers such as 

Radio Network Controllers (RNCs) or Base Station Controllers (BSCs), Base 

Transceiver Stations (BTSs), transmission points, transmission nodes, Multi- 

Cell/Multicast Coordination Entities (MCEs), core network nodes (e.g., MSCs, MMEs), 

Operation and Maintenance (O&M) nodes, Operations Support System (OSS) nodes, 

Self Optimized Network (SON) nodes, positioning nodes (e.g., Evolved-Serving 

Mobile Location Centers (E-SMLCs)), and/or Minimization of Drive Tests (MDTs). As 

another example, a network node may be a Virtual network node as described in more 

detail below. More generally, however, network nodes may represent any suitable 

device (or group of devices) capable, configured, arranged, and/or opérable to enable 

and/or provide a wireless device with access to the wireless network or to provide 

some service to a wireless device that has accessed the wireless network.

In FIG. 5, network node 560 includes processing circuitry 570, device 

readable medium 580, interface 590, auxiliary equipment 584, power source 586, 

power circuitry 587, and antenna 562. Although network node 560 illustrated in the 

example wireless network of FIG. 5 may represent a device that includes the 

illustrated combination of hardware components, other embodiments may comprise 

network nodes with different combinations of components. It is to be understood that 

a network node comprises any suitable combination of hardware and/or software 

needed to perform the tasks, features, functions, and methods disclosed herein. 

Moreover, while the components of network node 560 are depicted as single boxes 

located within a larger box, or nested within multiple boxes, in practice, a network 

node may comprise multiple different physical components that make up a single 

illustrated component (e.g., device readable medium 580 may comprise multiple 

separate hard drives as well as multiple Random Access Memory (RAM) modules).

Similarly, network node 560 may be composed of multiple physically 
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separate components (e.g., a Node B component and a RNC component, or a BTS 

component and a BSC component, etc.), which may each hâve their own respective 

components. In certain scénarios in which network node 560 comprises multiple 

separate components (e.g., BTS and BSC components), one or more of the separate 

components may be shared among several network nodes. For example, a single 

RNC may control multiple Node Bs. In such a scénario, each unique Node B and 

RNC pair may in some instances be considered a single separate network node. In 

some embodiments, network node 560 may be configured to support multiple Radio 

Access Technologies (RATs). In such embodiments, some components may be 

duplicated (e.g., separate device readable medium 580 for the different RATs) and 

some components may be reused (e.g., the same antenna 562 may be shared by the 

RATs). Network node 560 may also include multiple sets of the various illustrated 

components for different wireless technologies integrated into network node 560, such 

as, for example, GSM, Wideband Code Division Multiple Access (WCDMA), LTE, NR, 

WiFi, or Bluetooth wireless technologies. These wireless technologies may be 

integrated into the same or different chip or set of chips and other components within 

network node 560.

Processing circuitry 570 is configured to perform any determining, 

calculating, or similar operations (e.g., certain obtaining operations) described herein 

as being provided by a network node. These operations performed by processing 

circuitry 570 may include processing information obtained by processing circuitry 570 

by, for example, converting the obtained information into other information, comparing 

the obtained information or converted information to information stored in the network 

node, and/or performing one or more operations based on the obtained information or 

converted information, and as a resuit of said processing making a détermination.

Processing circuitry 570 may comprise a combination of one or more of a 

microprocessor, controller, microcontroller, Central Processing Unit (CPU), Digital 

Signal Processor (DSP), Application Spécifie Integrated Circuit (ASIC), Field 

Programmable Gâte Array (FPGA), or any other suitable computing device, resource, 

or combination of hardware, software, and/or encoded logic opérable to provide, either 

alone or in conjunction with other network node 560 components, such as device 

readable medium 580, network node 560 functionality. For example, processing 

circuitry 570 may execute instructions stored in device readable medium 580 or in 

memory within processing circuitry 570. Such functionality may include providing any 
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of the various wireless features, functions, or benefits discussed herein. In some 

embodiments, processing circuitry 570 may include a System on a Chip (SOC).

In some embodiments, processing circuitry 570 may include one or more of 

Radio Frequency (RF) transceiver circuitry 572 and baseband processing circuitry 

574. In some embodiments, RF transceiver circuitry 572 and baseband processing 

circuitry 574 may be on separate chips (or sets of chips), boards, or units, such as 

radio units and digital units. In alternative embodiments, part or ail of RF transceiver 

circuitry 572 and baseband processing circuitry 574 may be on the same chip or set of 

chips, boards, or units

In certain embodiments, some or ail ofthe functionality described herein as 

being provided by a network node, base station, eNB, or other such network device 

may be performed by processing circuitry 570 executing instructions stored on device 

readable medium 580 or memory within processing circuitry 570. In alternative 

embodiments, some or ail ofthe functionality may be provided by processing circuitry 

570 without executing instructions stored on a separate or discrète device readable 

medium, such as in a hard-wired manner. In any of those embodiments, whether 

executing instructions stored on a device readable storage medium or not, processing 

circuitry 570 can be configured to perform the described functionality. The benefits 

provided by such functionality are not limited to processing circuitry 570 alone or to 

other components of network node 560, but are enjoyed by network node 560 as a 

whole, and/or by end users and the wireless network generally.

Device readable medium 580 may comprise any form of volatile or non- 

volatile computer readable memory including, without limitation, persistent storage, 

solid-state memory, remotely mounted memory, magnetic media, optical media, RAM, 

Read Only Memory (ROM), mass storage media (for example, a hard disk), 

removable storage media (for example, a flash drive, a Compact Disk (CD) or a Digital 

Video Disk (DVD)), and/or any other volatile or non-volatile, non-transitory device 

readable and/or computer-executable memory devices that store information, data, 

and/or instructions that may be used by processing circuitry 570. Device readable 

medium 580 may store any suitable instructions, data or information, including a 

computer program, software, an application including one or more of logic, rules, 

code, tables, etc. and/or other instructions capable of being executed by processing 

circuitry 570 and, utilized by network node 560. Device readable medium 580 may be 

used to store any calculations made by processing circuitry 570 and/or any data 
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received via interface 590. In some embodiments, processing circuitry 570 and 

device readable medium 580 may be considered to be integrated.

Interface 590 is used in the wired or wireless communication of signaling 

and/or data between network node 560, network 506, and/or WDs 510. As illustrated, 

interface 590 comprises port(s)/terminal(s) 594 to send and receive data, for example 

to and from network 506 over a wired connection. Interface 590 also includes radio 

front end circuitry 592 that may be coupled to, or in certain embodiments a part of, 

antenna 562. Radio front end circuitry 592 comprises filters 598 and amplifiers 596. 

Radio front end circuitry 592 may be connected to antenna 562 and processing 

circuitry 570. Radio front end circuitry may be configured to condition signais 

communicated between antenna 562 and processing circuitry 570. Radio front end 

circuitry 592 may receive digital data that is to be sent out to other network nodes or 

WDs via a wireless connection. Radio front end circuitry 592 may convert the digital 

data into a radio signal having the appropriate channel and bandwidth parameters 

using a combination of filters 598 and/or amplifiers 596. The radio signal may then be 

transmitted via antenna 562. Similarly, when receiving data, antenna 562 may collect 

radio signais which are then converted into digital data by radio front end circuitry 592. 

The digital data may be passed to processing circuitry 570. In other embodiments, 

the interface may comprise different components and/or different combinations of 

components.

In certain alternative embodiments, network node 560 may not include 

separate radio front end circuitry 592, instead, processing circuitry 570 may comprise 

radio front end circuitry and may be connected to antenna 562 without separate radio 

front end circuitry 592. Similarly, in some embodiments, ail or some of RF transceiver 

circuitry 572 may be considered a part of interface 590. In still other embodiments, 

interface 590 may include one or more ports or terminais 594, radio front end circuitry 

592, and RF transceiver circuitry 572, as part of a radio unit (not shown), and interface 

590 may communicate with baseband processing circuitry 574, which is part of a 

digital unit (not shown).

Antenna 562 may include one or more antennas, or antenna arrays, 

configured to send and/or receive wireless signais. Antenna 562 may be coupled to 

radio front end circuitry 590 and may be any type of antenna capable of transmitting 

and receiving data and/or signais wirelessly. In some embodiments, antenna 562 

may comprise one or more omni-directional, sector, or panel antennas opérable to 
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transmit/receive radio signais between, for example, 2 gigahertz (GHz) and 66 GHz. 

An omni-directional antenna may be used to transmit/receive radio signais in any 

direction, a sector antenna may be used to transmit/receive radio signais from devices 

within a particular area, and a panel antenna may be a line of sight antenna used to 

transmit/receive radio signais in a relatively straight line. In some instances, the use 

of more than one antenna may be referred to as ΜΙΜΟ. In certain embodiments, 

antenna 562 may be separate from network node 560 and may be connectable to 

network node 560 through an interface or port.

Antenna 562, interface 590, and/or processing circuitry 570 may be 

configured to perform any receiving operations and/or certain obtaining operations 

described herein as being performed by a network node. Any information, data, 

and/or signais may be received from a wireless device, another network node, and/or 

any other network equipment. Similarly, antenna 562, interface 590, and/or 

processing circuitry 570 may be configured to perform any transmitting operations 

described herein as being performed by a network node. Any information, data, 

and/or signais may be transmitted to a wireless device, another network node, and/or 

any other network equipment.

Power circuitry 587 may comprise, or be coupled to, power management 

circuitry and is configured to supply the components of network node 560 with power 

for performing the functionality described herein. Power circuitry 587 may receive 

power from power source 586. Power source 586 and/or power circuitry 587 may be 

configured to provide power to the various components of network node 560 in a form 

suitable for the respective components (e.g., at a voltage and current level needed for 

each respective component). Power source 586 may either be included in, or external 

to, power circuitry 587 and/or network node 560. For example, network node 560 may 

be connectable to an external power source (e.g., an electricity outlet) via an input 

circuitry or interface such as an electrical cable, whereby the external power source 

supplies power to power circuitry 587. As a further example, power source 586 may 

comprise a source of power in the form of a battery or battery pack which is connected 

to, or integrated in, power circuitry 587. The battery may provide backup power 

should the external power source fail. Other types of power sources, such as 

photovoltaic devices, may also be used.

Alternative embodiments of network node 560 may include additional 

components beyond those shown in FIG. 5 that may be responsible for providing 
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certain aspects ofthe network node’s functionality, including any ofthe functionality 

described herein and/or any functionality necessary to support the subject matter 

described herein. For example, network node 560 may include user interface 

equipment to allow input of information into network node 560 and to allow output of 

information from network node 560. This may allow a userto perform diagnostic, 

maintenance, repair, and other administrative functions for network node 560.

As used herein, WD refers to a device capable, configured, arranged, 

and/or opérable to communicate wirelessly with network nodes and/or other wireless 

devices. Unless otherwise noted, the term WD may be used interchangeably herein 

with UE. Communicating wirelessly may involve transmitting and/or receiving wireless 

signais using electromagnetic waves, radio waves, infrared waves, and/or other types 

of signais suitable for conveying information through air. In some embodiments, a WD 

may be configured to transmit and/or receive information without direct human 

interaction. For instance, a WD may be designed to transmit information to a network 

on a predetermined schedule, when triggered by an internai or external event, or in 

response to requests from the network. Examples of a WD include, but are not limited 

to, a smart phone, a mobile phone, a cell phone, a Voice over IP (VoIP) phone, a 

wireless local loop phone, a desktop computer, a Personal Digital Assistant (PDA), a 

wireless caméra, a gaming console or device, a music storage device, a playback 

appliance, a wearable terminal device, a wireless endpoint, a mobile station, a tablet, 

a laptop, a Laptop Embedded Equipment (LEE), a Laptop-Mounted Equipment (LME), 

a smart device, a wireless Customer Premise Equipment (CPE), a vehicle-mounted 

wireless terminal device, etc.. A WD may support Device-to-Device (D2D) 

communication, for example by implementing a 3GPP standard for sidelink 

communication, Vehicle-to-Vehicle (V2V), Vehicle-to-lnfrastructure (V2I), Vehicle-to- 

Everything (V2X) and may in this case be referred to as a D2D communication device. 

As yet another spécifie example, in an Internet of Things (loT) scénario, a WD may 

represent a machine or other device that performs monitoring and/or measurements, 

and transmits the results of such monitoring and/or measurements to another WD 

and/or a network node. The WD may in this case be a Machine-to-Machine (M2M) 

device, which may in a 3GPP context be referred to as a Machine Type 

Communication (MTC) device. As one particular example, the WD may be a UE 

implementing the 3GPP Narrowband loT (NB-loT) standard. Particular examples of 

such machines or devices are sensors, metering devices such as power meters, 
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industrial machinery, or home or Personal appliances (e.g. refrigerators, télévisions, 

etc.) Personal wearables (e.g., watches, fitness trackers, etc.). In other scénarios, a 

WD may represent a vehicle or other equipment that is capable of monitoring and/or 

reporting on its operational status or other functions associated with its operation. A 

WD as described above may represent the endpoint of a wireless connection, in which 

case the device may be referred to as a wireless terminal. Furthermore, a WD as 

described above may be mobile, in which case it may also be referred to as a mobile 

device or a mobile terminal.

As illustrated, wireless device 510 includes antenna 511, interface 514, 

processing circuitry 520, device readable medium 530, user interface equipment 532, 

auxiliary equipment 534, power source 536, and power circuitry 537. WD 510 may 

include multiple sets of one or more of the illustrated components for different wireless 

technologies supported by WD 510, such as, for example, GSM, WCDMA, LTE, NR, 

WiFi, WiMAX, or Bluetooth wireless technologies, just to mention a few. These 

wireless technologies may be integrated into the same or different chips or set of 

chips as other components within WD 510.

Antenna 511 may include one or more antennas or antenna arrays, 

configured to send and/or receive wireless signais, and is connected to interface 514. 

In certain alternative embodiments, antenna 511 may be separate from WD 510 and 

be connectable to WD 510 through an interface or port. Antenna 511, interface 514, 

and/or processing circuitry 520 may be configured to perform any receiving or 

transmitting operations described herein as being performed by a WD. Any 

information, data, and/or signais may be received from a network node and/or another 

WD. In some embodiments, radio front end circuitry, and/or antenna 511 may be 

considered an interface.

As illustrated, interface 514 comprises radio front end circuitry 512 and 

antenna 511. Radio front end circuitry 512 comprises one or more filters 518 and 

amplifiers 516. Radio front end circuitry 514 is connected to antenna 511 and 

processing circuitry 520, and is configured to condition signais communicated 

between antenna 511 and processing circuitry 520. Radio front end circuitry 512 may 

be coupled to or a part of antenna 511. In some embodiments, WD 510 may not 

include separate radio front end circuitry 512; rather, processing circuitry 520 may 

comprise radio front end circuitry and may be connected to antenna 511. Similarly, in 

some embodiments, some or ail of RF transceiver circuitry 522 may be considered a 
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part of interface 514. Radio front end circuitry 512 may receive digital data that is to 

be sent out to other network nodes or WDs via a wireless connection. Radio front end 

circuitry 512 may couvert the digital data into a radio signal having the appropriate 

channel and bandwidth parameters using a combination of filters 518 and/or amplifiers 

516. The radio signal may then be transmitted via antenna 511. Similarly, when 

receiving data, antenna 511 may collect radio signais which are then converted into 

digital data by radio front end circuitry 512. The digital data may be passed to 

processing circuitry 520. In other embodiments, the interface may comprise different 

components and/or different combinations of components.

Processing circuitry 520 may comprise a combination of one or more of a 

microprocessor, controller, microcontroller, CPU, DSP, ASIC, FPGA, or any other 

suitable computing device, resource, or combination of hardware, software, and/or 

encoded logic opérable to provide, either alone or in conjunction with other WD 510 

components, such as device readable medium 530, WD 510 functionality. Such 

functionality may include providing any of the various wireless features or benefits 

discussed herein. For example, processing circuitry 520 may execute instructions 

stored in device readable medium 530 or in memory within processing circuitry 520 to 

provide the functionality disclosed herein.

As illustrated, processing circuitry 520 includes one or more of RF 

transceiver circuitry 522, baseband processing circuitry 524, and application 

processing circuitry 526. In other embodiments, the processing circuitry may 

comprise different components and/or different combinations of components. In 

certain embodiments processing circuitry 520 of WD 510 may comprise a SOC. In 

some embodiments, RF transceiver circuitry 522, baseband processing circuitry 524, 

and application processing circuitry 526 may be on separate chips or sets of chips. In 

alternative embodiments, part or ail of baseband processing circuitry 524 and 

application processing circuitry 526 may be combined into one chip or set of chips, 

and RF transceiver circuitry 522 may be on a separate chip or set of chips. In still 

alternative embodiments, part or ail of RF transceiver circuitry 522 and baseband 

processing circuitry 524 may be on the same chip or set of chips, and application 

processing circuitry 526 may be on a separate chip or set of chips. In yet other 

alternative embodiments, part or ail of RF transceiver circuitry 522, baseband 

processing circuitry 524, and application processing circuitry 526 may be combined in 

the same chip or set of chips. In some embodiments, RF transceiver circuitry 522 
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may be a part of interface 514. RF transceiver circuitry 522 may condition RF signais 

for processing circuitry 520.

In certain embodiments, some or ail of the functionality described herein as 

being performed by a WD may be provided by processing circuitry 520 executing 

instructions stored on device readable medium 530, which in certain embodiments 

may be a computer-readable storage medium. In alternative embodiments, some or 

ail of the functionality may be provided by processing circuitry 520 without executing 

instructions stored on a separate or discrète device readable storage medium, such 

as in a hard-wired manner. In any of those particular embodiments, whether 

executing instructions stored on a device readable storage medium or not, processing 

circuitry 520 can be configured to perform the described functionality. The benefits 

provided by such functionality are not limited to processing circuitry 520 alone or to 

other components of WD 510, but are enjoyed by WD 510 as a whole, and/or by end 

users and the wireless network generally.

Processing circuitry 520 may be configured to perform any determining, 

calculating, or similar operations (e.g., certain obtaining operations) described herein 

as being performed by a WD. These operations, as performed by processing circuitry 

520, may include processing information obtained by processing circuitry 520 by, for 

example, converting the obtained information into other information, comparing the 

obtained information or converted information to information stored by WD 510, and/or 

performing one or more operations based on the obtained information or converted 

information, and as a resuit of said processing making a détermination.

Device readable medium 530 may be opérable to store a computer 

program, software, an application including one or more of logic, rules, code, tables, 

etc. and/or other instructions capable of being executed by processing circuitry 520. 

Device readable medium 530 may include computer memory (e.g., RAM or ROM), 

mass storage media (e.g., a hard disk), removable storage media (e.g., a CD or a 

DVD), and/or any other volatile or non-volatile, non-transitory device readable and/or 

computer exécutable memory devices that store information, data, and/or instructions 

that may be used by processing circuitry 520. In some embodiments, processing 

circuitry 520 and device readable medium 530 may be considered to be integrated.

User interface equipment 532 may provide components that allow for a 

human user to interact with WD 510. Such interaction may be of many forms, such as 

Visual, audial, tactile, etc. User interface equipment 532 may be opérable to produce 
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output to the user and to allow the user to provide input to WD 510. The type of 

interaction may vary depending on the type of user interface equipment 532 installed 

in WD 510. For example, if WD 510 is a smart phone, the interaction may be via a 

touch screen; if WD 510 is a smart meter, the interaction may be through a screen 

that provides usage (e.g., the number of gallons used) or a speaker that provides an 

audible alert (e.g., if smoke is detected). User interface equipment 532 may include 

input interfaces, devices and circuits, and output interfaces, devices and circuits. User 

interface equipment 532 is configured to allow input of information into WD 510, and is 

connected to processing circuitry 520 to allow processing circuitry 520 to process the 

input information. User interface equipment 532 may include, for example, a 

microphone, a proximity or other sensor, keys/buttons, a touch display, one or more 

caméras, a Universal Serial Bus (USB) port, or other input circuitry. User interface 

equipment 532 is also configured to allow output of information from WD 510, and to 

allow processing circuitry 520 to output information from WD 510. User interface 

equipment 532 may include, for example, a speaker, a display, vibrating circuitry, a 

USB port, a headphone interface, or other output circuitry. Using one or more input 

and output interfaces, devices, and circuits, of user interface equipment 532, WD 510 

may communicate with end users and/or the wireless network, and allow them to 

benefit from the functionality described herein.

Auxiliary equipment 534 is opérable to provide more spécifie functionality 

which may not be generally performed by WDs. This may comprise specialized 

sensors for doing measurements for various purposes, interfaces for additional types 

of communication such as wired communications etc. The inclusion and type of 

components of auxiliary equipment 534 may vary depending on the embodiment 

and/or scénario.

Power source 536 may, in some embodiments, be in the form of a battery or 

battery pack. Other types of power sources, such as an external power source (e.g., 

an electricity outlet), photovoltaic devices or power cells, may also be used. WD 510 

may further comprise power circuitry 537 for delivering power from power source 536 

to the various parts of WD 510 which need power from power source 536 to carry out 

any functionality described or indicated herein. Power circuitry 537 may in certain 

embodiments comprise power management circuitry. Power circuitry 537 may 

additionally or alternatively be opérable to receive power from an external power 

source; in which case WD 510 may be connectable to the external power source
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(such as an electricity outlet) via input circuitry or an interface such as an electrical 

power cable. Power circuitry 537 may also in certain embodiments be opérable to 

deliver power from an external power source to power source 536. This may be, for 

example, for the charging of power source 536. Power circuitry 537 may perform any 

formatting, converting, or other modification to the power from power source 536 to 

make the power suitable for the respective components of WD 510 to which power is 

supplied.

FIG. 6 illustrâtes one embodiment of a UE in accordance with various 

aspects described herein. As used herein, a user equipment or UE may not 

necessarily hâve a user in the sense of a human user who owns and/or opérâtes the 

relevant device. Instead, a UE may represent a device that is intended for sale to, or 

operation by, a human user but which may not, or which may not initially, be 

associated with a spécifie human user (e.g., a smart sprinkler controller). 

Alternatively, a UE may represent a device that is not intended for sale to, or operation 

by, an end user but which may be associated with or operated for the benefit of a user 

(e.g., a smart power meter). UE 600 may be any UE identified by the 3GPP, including 

a NB-loT UE, a MTC UE, and/or an enhanced MTC (eMTC) UE. UE 600, as 

illustrated in FIG. 6, is one example of a WD configured for communication in 

accordance with one or more communication standards promulgated by the 3GPP, 

such as 3GPP’s GSM, UMTS, LTE, and/or 5G standards. As mentioned previously, 

the term WD and UE may be used interchangeably. Accordingly, although FIG. 6 is a 

UE, the components discussed herein are equally applicable to a WD, and vice-versa.

In FIG. 6, UE 600 includes processing circuitry 601 that is operatively 

coupled to input/output interface 605, RF interface 609, network connection interface 

611, memory 615 including RAM 617, ROM 619, and storage medium 621 or the like, 

communication subsystem 631, power source 633, and/or any other component, or 

any combination thereof. Storage medium 621 includes operating system 623, 

application program 625, and data 627. In other embodiments, storage medium 621 

may include other similar types of information. Certain UEs may utilize ail of the 

components shown in FIG. 6, or only a subset ofthe components. The level of 

intégration between the components may vary from one UE to another UE. Further, 

certain UEs may contain multiple instances of a component, such as multiple 

processors, memories, transceivers, transmitters, receivers, etc.

In FIG. 6, processing circuitry 601 may be configured to process computer 
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instructions and data. Processing circuitry 601 may be configured to implement any 

sequential state machine operative to execute machine instructions stored as 

machine-readable computer programs in the memory, such as one or more hardware- 

implemented state machines (e.g., in discrète logic, FPGA, ASIC, etc.); programmable 

logic together with appropriate firmware; one or more stored program, general- 

purpose processors, such as a microprocessor or DSP, together with appropriate 

software; or any combination of the above. For example, the processing circuitry 601 

may include two CPUs. Data may be information in a form suitable for use by a 

computer.

In the depicted embodiment, input/output interface 605 may be configured 

to provide a communication interface to an input device, output device, or input and 

output device. UE 600 may be configured to use an output device via input/output 

interface 605. An output device may use the same type of interface port as an input 

device. For example, a USB port may be used to provide input to and output from UE 

600. The output device may be a speaker, a sound card, a video card, a display, a 

monitor, a printer, an actuator, an emitter, a smartcard, another output device, or any 

combination thereof. UE 600 may be configured to use an input device via 

input/output interface 605 to allow a userto capture information into UE 600. The 

input device may include a touch-sensitive or presence-sensitive display, a caméra 

(e.g., a digital caméra, a digital video caméra, a web caméra, etc.), a microphone, a 

sensor, a mouse, a trackball, a directional pad, a trackpad, a scroll wheel, a 

smartcard, and the like. The presence-sensitive display may include a capacitive or 

résistive touch sensor to sense input from a user. A sensor may be, for instance, an 

accelerometer, a gyroscope, a tilt sensor, a force sensor, a magnetometer, an optical 

sensor, a proximity sensor, another like sensor, or any combination thereof. For 

example, the input device may be an accelerometer, a magnetometer, a digital 

caméra, a microphone, and an optical sensor.

In FIG. 6, RF interface 609 may be configured to provide a communication 

interface to RF components such as a transmitter, a receiver, and an antenna. 

Network connection interface 611 may be configured to provide a communication 

interface to network 643a. Network 643a may encompass wired and/or wireless 

networks such as a LAN, a WAN, a computer network, a wireless network, a 

télécommunications network, another like network, or any combination thereof. For 

example, network 643a may comprise a WiFi network. Network connection interface 
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611 may be configured to include a receiver and a transmitter interface used to 

communicate with one or more other devices over a communication network 

according to one or more communication protocols, such as Ethernet, Transmission 

Control Protocol (TCP) /IP, Synchronous Optical Networking (SONET), Asynchronous 

Transfer Mode (ATM), or the like. Network connection interface 611 may implement 

receiver and transmitter functionality appropriate to the communication network links 

(e.g., optical, electrical, and the like). The transmitter and receiver functions may 

share circuit components, software, orfirmware, or alternatively may be implemented 

separately.

RAM 617 may be configured to interface via bus 602 to processing circuitry 

601 to provide storage or caching of data or computer instructions during the 

execution of software programs such as the operating System, application programs, 

and device drivers. ROM 619 may be configured to provide computer instructions or 

data to processing circuitry 601. For example, ROM 619 may be configured to store 

invariant low-level System code or data for basic System functions such as basic input 

and output (I/O), startup, or réception of keystrokes from a keyboard that are stored in 

a non-volatile memory. Storage medium 621 may be configured to include memory 

such as RAM, ROM, Programmable ROM (PROM), Erasable PROM (EPROM), 

Electrically EPROM (EEPROM), magnetic disks, optical disks, floppy disks, hard 

disks, removable cartridges, or flash drives. In one example, storage medium 621 

may be configured to include operating System 623, application program 625 such as 

a web browser application, a widget or gadget engine or another application, and data 

file 627. Storage medium 621 may store, for use by UE 600, any of a variety of 

various operating Systems or combinations of operating Systems.

Storage medium 621 may be configured to include a number of physical 

drive units, such as Redundant Array of Independent Disks (RAID), floppy disk drive, 

flash memory, USB flash drive, external hard disk drive, thumb drive, pen drive, key 

drive, High-Density Digital Versatile Disc (HD-DVD) optical dise drive, internai hard 

disk drive, Blu-Ray optical dise drive, Holographie Digital Data Storage (HDDS) optical 

dise drive, external mini-Dual In-Line Memory Module (DIMM), Synchronous Dynamic 

RAM (SDRAM), external micro-DIMM SDRAM, smartcard memory such as a 

Subscriber Identity Module (SIM) or a Removable User Identity (RUIM) module, other 

memory, or any combination thereof. Storage medium 621 may allow UE 600 to 

access computer-executable instructions, application programs or the like, stored on 
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transitory or non-transitory memory media, to off-load data, or to upload data. An 

article of manufacture, such as one utilizing a communication system may be tangibly 

embodied in storage medium 621, which may comprise a device readable medium.

In FIG. 6, processing circuitry 601 may be configured to communicate with 

network 643b using communication subsystem 631. Network 643a and network 643b 

may be the same network or networks or different network or networks. 

Communication subsystem 631 may be configured to include one or more 

transceivers used to communicate with network 643b. For example, communication 

subsystem 631 may be configured to include one or more transceivers used to 

communicate with one or more remote transceivers of another device capable of 

wireless communication such as another WD, UE, or base station of a radio access 

network (RAN) according to one or more communication protocols, such as IEEE 

802.2, Code Division Multiple Access (CDMA), WCDMA, GSM, LTE, Universal 

Terrestrial RAN (UTRAN), WiMax, or the like. Each transceiver may include 

transmitter 633 and/or receiver 635 to implement transmitter or receiver functionality, 

respectively, appropriate to the RAN links (e.g., frequency allocations and the like). 

Further, transmitter 633 and receiver 635 of each transceiver may share circuit 

components, software, orfirmware, or alternatively may be implemented separately.

In the illustrated embodiment, the communication functions of 

communication subsystem 631 may include data communication, voice 

communication, multimedia communication, short-range communications such as 

Bluetooth, near-field communication, location-based communication such as the use 

of the Global Positioning System (GPS) to détermine a location, another like 

communication function, or any combination thereof. For example, communication 

subsystem 631 may include cellular communication, WiFi communication, Bluetooth 

communication, and GPS communication. Network 643b may encompass wired 

and/or wireless networks such as a LAN, a WAN, a computer network, a wireless 

network, a télécommunications network, another like network or any combination 

thereof. For example, network 643b may be a cellular network, a WiFi network, 

and/or a near-field network. Power source 613 may be configured to provide 

Alternating Current (AC) or Direct Current (DC) power to components of UE 600.

The features, benefits, and/or functions described herein may be 

implemented in one ofthe components of UE 600 or partitioned across multiple 

components of UE 600. Further, the features, benefits, and/or functions described
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herein may be implemented in any combination of hardware, software, orfirmware. In 

one example, communication subsystem 631 may be configured to include any of the 

components described herein. Further, processing circuitry 601 may be configured to 

communicate with any of such components over bus 602. In another example, any of 

such components may be represented by program instructions stored in memory that 

when executed by processing circuitry 601 perform the corresponding functions 

described herein. In another example, the functionality of any of such components 

may be partitioned between processing circuitry 601 and communication subsystem 

631. In another example, the non-computationally intensive functions of any of such 

components may be implemented in software orfirmware and the computationally 

intensive functions may be implemented in hardware.

FIG. 7 is a schematic block diagram illustrating a virtualization environment 

700 in which functions implemented by some embodiments may be virtualized. In the 

présent context, virtualizing means creating Virtual versions of apparatuses or devices 

which may include virtualizing hardware platforms, storage devices and networking 

resources. As used herein, virtualization can be applied to a node (e.g., a virtualized 

base station or a virtualized radio access node) orto a device (e.g., a UE, a wireless 

device or any other type of communication device) or components thereof and relates 

to an implémentation in which at least a portion of the functionality is implemented as 

one or more Virtual components (e.g., via one or more applications, components, 

functions, Virtual machines or containers executing on one or more physical 

processing nodes in one or more networks).

In some embodiments, some or ail of the functions described herein may be 

implemented as Virtual components executed by one or more Virtual machines 

implemented in one or more Virtual environments 700 hosted by one or more of 

hardware nodes 730. Further, in embodiments in which the Virtual node is not a radio 

access node or does not require radio connectivity (e.g., a core network node), then 

the network node may be entirely virtualized.

The functions may be implemented by one or more applications 720 (which 

may alternatively be called software instances, Virtual appliances, network functions, 

Virtual nodes, Virtual network functions, etc.) operative to implement some of the 

features, functions, and/or benefits of some of the embodiments disclosed herein. 

Applications 720 are run in virtualization environment 700 which provides hardware 

730 comprising processing circuitry 760 and memory 790. Memory 790 contains 
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instructions 795 exécutable by processing circuitry 760 whereby application 720 is 

operative to provide one or more of the features, benefits, and/or functions disclosed 
herein.

Virtualization environment 700, comprises general-purpose or special- 

purpose network hardware devices 730 comprising a set of one or more processors or 

Processing circuitry 760, which may be Commercial off-the-Shelf (COTS) processors, 

dedicated ASICs, or any other type of processing circuitry including digital or analog 

hardware components or spécial purpose processors. Each hardware device may 

comprise memory 790-1 which may be non-persistent memory for temporarily storing 

instructions 795 or software executed by processing circuitry 760. Each hardware 

device may comprise one or more Network Interface Controllers (NICs) 770, also 

known as network interface cards, which include physical network interface 780. 

Each hardware device may also include non-transitory, persistent, machine-readable 

storage media 790-2 having stored therein software 795 and/or instructions 

exécutable by processing circuitry 760. Software 795 may include any type of 

software including software for instantiating one or more virtualization layers 750 (also 

referred to as hypervisors), software to execute Virtual machines 740 as well as 

software allowing it to execute functions, features, and/or benefits described in relation 

with some embodiments described herein.

Virtual machines 740, comprise Virtual processing, Virtual memory, Virtual 

networking or interface and Virtual storage, and may be run by a corresponding 

virtualization layer 750 or hypervisor. Different embodiments of the instance of Virtual 

appliance 720 may be implemented on one or more of Virtual machines 740, and the 

implémentations may be made in different ways.

During operation, processing circuitry 760 executes software 795 to 

instantiate the hypervisor or virtualization layer 750, which may sometimes be referred 

to as a Virtual Machine Monitor (VMM). Virtualization layer 750 may présent a Virtual 

operating platform that appears like networking hardware to Virtual machine 740.

As shown in FIG. 7, hardware 730 may be a standalone network node with 

generic or spécifie components. Hardware 730 may comprise antenna 7225 and may 

implement some functions via virtualization. Alternatively, hardware 730 may be part 

of a larger cluster of hardware (e.g., such as in a data center or CPE) where many 

hardware nodes work together and are managed via Management and Orchestration 

(MANO) 7100, which, among others, oversees lifecycle management of applications
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720.

Virtualization of the hardware is in some contexts referred to as Network 

Function Virtualization (NFV). NFV may be used to consolidate many network 

equipment types onto industry standard high volume server hardware, physical 

switches, and physical storage, which can be located in data centers, and CPE.

In the context of NFV, Virtual machine 740 may be a software 

implémentation of a physical machine that runs programs as if they were executing on 

a physical, non-virtualized machine. Each of Virtual machines 740, and that part of 

hardware 730 that executes that Virtual machine, be it hardware dedicated to that 

Virtual machine and/or hardware shared by that Virtual machine with others of the 

Virtual machines 740, forms a separate Virtual Network Element (VNE).

Still in the context of NFV, Virtual Network Function (VNF) is responsible for 

handling spécifie network functions that run in one or more Virtual machines 740 on 

top of hardware networking infrastructure 730 and corresponds to application 720 in 

FIG. 7.

In some embodiments, one or more radio units 7200 that each include one 

or more transmitters 7220 and one or more receivers 7210 may be coupled to one or 

more antennas 7225. Radio units 7200 may communicate directly with hardware 

nodes 730 via one or more appropriate network interfaces and may be used in 

combination with the Virtual components to provide a Virtual node with radio 

capabilities, such as a radio access node or a base station.

In some embodiments, some signaling can be effected with the use of 

control System 7230 which may alternatively be used for communication between the 

hardware nodes 730 and radio units 7200.

FIG. 8 illustrâtes a télécommunication network connected via an 

intermediate network to a host computer in accordance with some embodiments.

Referring to FIG. 8, in accordance with an embodiment, a communication 

System includes a télécommunication network 810, such as a 3GPP-type cellular 

network, which comprises access network 811, such as a radio access network, and 

core network 814. Access network 811 comprises a plurality of base stations 812a, 

812b, 812c, such as Node Bs, eNBs, gNBs, or other types of wireless access points, 

each defining a corresponding coverage area 813a, 813b, 813c. Each base station 

812a, 812b, 812c is connectable to core network 814 over a wired or wireless 

connection 815. A first UE 891 located in coverage area 813c is configured to 
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wirelessly connect to, or be paged by, the corresponding base station 812c. A second 

UE 892 in coverage area 813a is wirelessly connectable to the corresponding base 

station 812a. While a plurality of UEs 891,892 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 

812.

Télécommunication network 810 is itself connected to host computer 830, 

which may be embodied in the hardware and/or software of a standalone server, a 

cloud-implemented server, a distributed server, or as processing resources in a server 

farm. Host computer 830 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 821 and 822 between télécommunication network 810 and host 

computer 830 may extend directly from core network 814 to host computer 830 or 

may go via an optional intermediate network 820. Intermediate network 820 may be 

one of, or a combination of more than one of, a public, private, or hosted network; 

intermediate network 820, if any, may be a backbone network or the Internet; in 

particular, intermediate network 820 may comprise two or more sub-networks (not 

shown).

The communication System of FIG. 8 as a whole enables connectivity 

between the connected UEs 891, 892 and host computer 830. The connectivity may 

be described as an Over-the-Top (OTT) connection 850. Host computer 830 and the 

connected UEs 891,892 are configured to communicate data and/or signaling via 

OTT connection 850, using access network 811, core network 814, any intermediate 

network 820 and possible further infrastructure (not shown) as intermediaries. OTT 

connection 850 may be transparent in the sense that the participating communication 

devices through which OTT connection 850 passes are unaware of routing of uplink 

and downlink communications. For example, base station 812 may not or need not be 

informed about the past routing of an incoming downlink communication with data 

originating from host computer 830 to be forwarded (e.g., handed over) to a 

connected UE 891. Similarly, base station 812 need not be aware of the future 

routing of an outgoing UL communication originating from the UE 891 towards the 

host computer 830.

FIG. 9 illustrâtes a host computer communicating via a base station with a 

user equipment over a partially wireless connection in accordance with some
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embodiments.

Example 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 FIG. 9. In communication System 900, host computer 910 

comprises hardware 915 including communication interface 916 configured to set up 

and maintain a wired or wireless connection with an interface of a different 

communication device of communication System 900. Host computer 910 further 

comprises processing circuitry 918, which may hâve storage and/or processing 

capabilities. In particular, processing circuitry 918 may comprise one or more 

programmable processors, ASICs, FPGAs, or combinations of these (not shown) 

adapted to execute instructions. Host computer 910 further comprises software 911, 

which is stored in or accessible by host computer 910 and exécutable by processing 

circuitry 918. Software 911 includes host application 912. Host application 912 may 

be opérable to provide a service to a remote user, such as UE 930 connecting via 

OTT connection 950 terminating at UE 930 and host computer 910. In providing the 

service to the remote user, host application 912 may provide user data which is 

transmitted using OTT connection 950.

Communication System 900 further includes base station 920 provided in a 

télécommunication System and comprising hardware 925 enabling it to communicate 

with host computer 910 and with UE 930. Hardware 925 may include communication 

interface 926 for setting up and maintaining a wired or wireless connection with an 

interface of a different communication device of communication System 900, as well 

as radio interface 927 for setting up and maintaining at least wireless connection 970 

with UE 930 located in a coverage area (not shown in FIG. 9) served by base station 

920. Communication interface 926 may be configured to facilitate connection 960 to 

host computer 910. Connection 960 may be direct or it may pass through a core 

network (not shown in FIG. 9) of the télécommunication System and/or through one or 

more intermediate networks outside the télécommunication System. In the 

embodiment shown, hardware 925 of base station 920 further includes processing 

circuitry 928, which may comprise one or more programmable processors, ASICs, 

FPGAs, or combinations of these (not shown) adapted to execute instructions. Base 

station 920 further has software 921 stored internally or accessible via an external 

connection.

Communication System 900 further includes UE 930 already referred to. Its 
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hardware 935 may include radio interface 937 configured to set up and maintain 

wireless connection 970 with a base station serving a coverage area in which UE 930 

is currently located. Hardware 935 of UE 930 further includes processing circuitry 

938, which may comprise one or more programmable processors, ASICs, FPGAs, or 

combinations of these (not shown) adapted to execute instructions. UE 930 further 

comprises software 931, which is stored in or accessible by UE 930 and exécutable 

by processing circuitry 938. Software 931 includes client application 932. Client 

application 932 may be opérable to provide a service to a human or non-human user 

via UE 930, with the support of host computer 910. In host computer 910, an 

executing host application 912 may communicate with the executing client application 

932 via OTT connection 950 terminating at UE 930 and host computer 910. In 

providing the service to the user, client application 932 may receive request data from 

host application 912 and provide user data in response to the request data. OTT 

connection 950 may transfer both the request data and the user data. Client 

application 932 may interact with the user to generate the user data that it provides.

It is noted that host computer 910, base station 920 and UE 930 illustrated 

in FIG. 9 may be similar or identical to host computer 830, one of base stations 812a, 

812b, 812c and one of UEs 891, 892 of FIG. 8, respectively. This is to say, the inner 

workings of these entities may be as shown in FIG. 9 and independently, the 

surrounding network topology may be that of FIG. 8.

In FIG. 9, OTT connection 950 has been drawn abstractly to illustrate the 

communication between host computer 910 and UE 930 via base station 920, without 

explicit reference to any intermediary devices and the précisé routing of messages via 

these devices. Network infrastructure may détermine the routing, which it may be 

configured to hide from UE 930 or from the service provider operating host computer 

910, or both. While OTT connection 950 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 of the network).

Wireless connection 970 between UE 930 and base station 920 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 UE 930 using OTT connection 950, in which wireless 

connection 970 forms the last segment. For instance, certain embodiments may 

provide efficient transmission for both codebook based precoding as well as non- 
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codebook based precoding. Some such embodiments enable (a) UEs transmitting 

with non-codebook based reciprocity to utilize full power for rank 1, or (b) UEs with 

non-coherent and partial cohérent capabilities to transmit with full power for rank 1 

and also enable the UEs to increase rank at the cost of lower power per layer. Such 

improvements may provide benefits such as increasing the quality or responsiveness 

of an OTT service.

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 OTT 

connection 950 between host computer 910 and UE 930, in response to variations in 

the measurement results. The measurement procedure and/or the network 

functionality for reconfiguring OTT connection 950 may be implemented in software 

911 and hardware 915 of host computer 910 or in software 931 and hardware 935 of 

UE 930, or both. In embodiments, sensors (not shown) may be deployed in or in 

association with communication devices through which OTT connection 950 passes; 

the sensors may participate in the measurement procedure by supplying values of the 

monitored quantities exemplified above, or supplying values of other physical 

quantities from which software 911,931 may compute or estimate the monitored 

quantities. The reconfiguring of OTT connection 950 may include message format, 

retransmission settings, preferred routing etc.; the reconfiguring need not affect base 

station 920, and it may be unknown or imperceptible to base station 920. Such 

procedures and functionalities may be known and practiced in the art. In certain 

embodiments, measurements may involve proprietary UE signaling facilitating host 

computer 910’s measurements of throughput, propagation times, latency, and the like. 

The measurements may be implemented in that software 911 and 931 causes 

messages to be transmitted, in particular empty or ‘dummy’ messages, using OTT 

connection 950 while it monitors propagation times, errors, etc.

FIG. 10 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 FIGS. 8 and 9. For the sake of brevity, only drawing référencés to FIG. 10 will be 

included in this section. In step 1010, the host computer provides user data. In 

substep 1011 (which may be optional) of step 1010, the host computer provides the 

user data by executing a host application. In step 1020, the host computer initiâtes a 
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transmission carrying the user data to the UE. In step 1030 (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 1040 (which may also be 

optional), the UE executes a client application associated with the host application 

executed by the host computer.

FIG. 11 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 FIGS. 8 and 9. For simplicity of the présent disclosure, only drawing references to 

FIG. 11 will be included in this section. In step 1110 of the method, the host computer 

provides user data. In an optional substep (not shown) the host computer provides 

the user data by executing a host application. In step 1120, 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 disclosure. In step 1130 (which may be optional), the UE receives the 

user data carried in the transmission.

FIG. 12 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 FIGS. 8 and 9. For simplicity of the présent disclosure, only drawing references to 

FIG. 12 will be included in this section. In step 1210 (which may be optional), the UE 

receives input data provided by the host computer. Additionally or alternatively, in 

step 1220, the UE provides user data. In substep 1221 (which may be optional) of 

step 1220, the UE provides the user data by executing a client application. In substep 

1211 (which may be optional) of step 1210, 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 substep 1230 (which may be 

optional), transmission of the user data to the host computer. In step 1240 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.
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FIG. 13 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 FIGS. 8 and 9. For simplicity of the présent disclosure, only drawing references to 

FIG. 13 will be included in this section. In step 1310 (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 1320 (which may 

be optional), the base station initiâtes transmission of the received user data to the 

host computer. In step 1330 (which may be optional), the host computer receives the 

user data carried in the transmission initiated by the base station.

FIG. 14 illustrâtes a schematic block diagram of an apparatus 1400 in a 

wireless network (for example, the wireless network shown in FIG. 5). The apparatus 

may be implemented in a wireless device or network node (e.g., wireless device 510 

or network node 560 shown in FIG. 5). Apparatus 1400 is opérable to carry out the 

example method described with reference to FIG. 15 and possibly any other 

processes or methods disclosed herein. It is also to be understood that the method of 

FIG. 15 is not necessarily carried out solely by apparatus 1400. At least some 

operations of the method can be performed by one or more other entities.

Virtual Apparatus 1400 may comprise processing circuitry, which may 

include one or more microprocessor or microcontrollers, as well as other digital 

hardware, which may include DSPs, special-purpose digital logic, and the like. The 

processing circuitry may be configured to execute program code stored in memory, 

which may include one or several types of memory such as ROM, 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 several embodiments. In some 

implémentations, the processing circuitry may be used to cause the units in apparatus 

1400 to perform corresponding functions according one or more embodiments of the 

présent disclosure.

As illustrated in FIG. 14, apparatus 1400 comprises receiving unit 1402, 

determining unit 1404, adjusting unit 1406, and transmitting unit 1408. These units 

are configured to perform corresponding operations performed by the method of FIG. 

15.
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The term “unit” may hâve conventional meaning in the field of electronics, 

electrical devices, and/or electronic devices and may include, for example, electrical 

and/or electronic circuitry, devices, modules, processors, memories, logic solid State 

and/or discrète devices, computer programs or instructions for carrying out respective 

tasks, procedures, computations, outputs, and/or displaying functions, and so on, as 

such as those that are described herein.

FIG. 15 illustrâtes a method according to some embodiments.

Referring to FIG. 15, the method may comprise receiving signaling 

identifying a multi-antenna transmission configuration (S1505), determining a power 

scaling ratio R, the ratio R being a first number antenna ports divided by a second 

numberof antenna ports (S1510), wherein the first number of antenna ports is a 

number of antenna ports with NZP, and the second number of antenna ports being 

determined according to the multi-antenna transmission configuration as one of (a) a 

third number of ports used in a precoder indicated by a gNB, and (b) a fourth number 

of spatial layers indicated by the gNB, adjusting an initial power value PO by at least 

the ratio Rto détermine P (S1515), and transmitting the physical channel using the 

power P (S1520).

Alternatively, the method may comprise receiving signaling identifying a first 

number of antenna ports on which the physical channel is to be transmitted and a 

multi-antenna transmission configuration, the multi-antenna configuration identifying if 

codebook based or non-codebook based transmission scheme is to be used (S1505), 

determining a power scaling ratio R according to the number of antenna ports, a 

second number of antenna ports, and at least one of the multi-antenna configuration 

and a UE cohérence capability, where the second number of antenna ports is a 

numberof antenna ports with NZP (S1510), adjusting an initial power value PO by at 

leastthe ratio Rto détermine P (S1515), and transmitting the physical channel using 

the power P (S1520).

FIG. 16 is a flow chart that illustrâtes the operation of a UE in accordance 

with some embodiments of the présent disclosure. As illustrated, the UE dérivés a 

power P to be used for UL power control (step 1600). As described herein, the UL 

power control is for a PUSCH transmission. The UE décidés (or détermines) a 

second power P’ to be used for a set of antenna ports according to some rule (step 

1602). This rule may be any ofthe rules described herein (e.g., any ofthe rules 

described above with respect to Embodiments 1 to 3). As described herein, in some 
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embodiments, the rule is a rule that dépends on whether the UE is utilizing codebook 

based transmission or non-codebook based transmission for the PUSCH 

transmission, where the set of antenna ports is antenna ports on which the PUSCH 

transmission is transmitted with NZP. As also described herein, in some 

embodiments, the rule is a rule that dépends on a capability ofthe UE in terms of full 

cohérence, partial cohérence, or non-coherence transmission, where the set of 

antenna ports is antenna ports on which the PUSCH transmission is transmitted with 

NZP. Further details regarding these and additional embodiments are described 

above and therefore not repeated here.

Some selected embodiments ofthe présent disclosure are as follows: 

Embodiment 1 : A method (1500) in a UE for determining a transmission 

power P for a physical channel configured for multi-antenna transmission, comprising: 

receiving signaling identifying a multi-antenna transmission configuration (S1505); 

determining a power scaling ratio R, the ratio R being a first number antenna ports 

divided by a second number of antenna ports (S1510), wherein the first number of 

antenna ports is a number of antenna ports with non-zero power, and the second 

number of antenna ports being determined according to the multi-antenna 

transmission configuration as one of (a) a third number of ports used in a precoder 

indicated by a gNB, and (b) a fourth number of spatial layers indicated by the gNB; 

adjusting an initial power value PO by at least the ratio R to détermine P (S1515); and 

transmitting the physical channel using the power P (S1520).

Embodiment 2: The method of embodiment 1, wherein the UE is configured 

to transmit the physical channel using a codebook, the codebook supports 

transmission on the second number of antenna ports and comprises at least a first 

and second precoder, the first precoder comprising éléments with zéro magnitude, 

and the second precoder comprising éléments only of non-zero magnitude.

Embodiment 3: The method of any of embodiments 1-2, wherein the step 

of transmitting further comprises transmitting the physical channel using a plurality of 

antenna ports, wherein the power P is divided equally across a set of antenna ports, 

wherein each antenna port ofthe set transmits the physical channel using non-zero 

power.

Embodiment 4: The method of any of embodiments 1-3, wherein the multi- 

antenna transmission configuration identifies if a codebook based transmission or a 

non-codebook based transmission is to be used to transmit the physical channel, and 
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the second number of antenna ports is determined as the fourth number of antenna 

ports if non-codebook based operation is to be used.

Embodiment 5: The method of any of embodiments 1-4 wherein non- 

codebook based transmission is to be used to transmit the physical channel, and the 

second number of antenna ports is determined as the fourth number of antenna ports 

according to if the UE is configured with a CSI-RS that is used to calculate precoding 

for the physical channel, and second number of antenna ports is determined as the 

third number of antenna ports otherwise.

Embodiment 6: The method of any of embodiments 1 -5 wherein the multi- 

antenna transmission configuration identifies if the physical channel is to be 

transmitted according to a UE cohérence capability, the capability comprising at least 

one of full-coherence, partial-coherence, or non-coherence.

Embodiment 7: A method (1500) in a UE for determining a transmission 

power P for a physical channel configured for multi-antenna transmission, comprising: 

receiving signaling identifying a first number of antenna ports on which the physical 

channel is to be transmitted and a multi-antenna transmission configuration, the multi- 

antenna configuration identifying if codebook based or non-codebook based 

transmission scheme is to be used (S1505); determining a power scaling ratio R 

according to the number of antenna ports, a second number of antenna ports, and at 

least one ofthe multi-antenna configuration and a UE cohérence capability, where the 

second number of antenna ports is a number of antenna ports with non-zero power 

(S1510); adjusting an initial power value PO by at least the ratio R to détermine P 

(S1515); and transmitting the physical channel using the power P (S1520).

Embodiment 8: The method of embodiment 7, wherein R is selected from a 

set of predetermined values.

Embodiment 9: The method of any of embodiments 7-8, wherein R is the 

lesser of a first and a predetermined second value, the first value being calculated as 

a product of a scale factor and a ratio of the second number of antenna ports over the 

first number of antenna ports, wherein the scale factor is determined according to at 

least one ofthe multi-antenna configuration and the UE cohérence capability.

Embodiment 10: The method of any of embodiments 7-9, wherein the UE is 

configured to transmit the physical channel using a codebook, the codebook supports 

transmission on the first number of antenna ports and comprises at least a first and 

second precoder, the first precoder comprising éléments with zéro magnitude, and the
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second precoder comprising éléments only of non-zero magnitude.

Embodiment 11 : The method of any of embodiments 7-10, wherein the 

step of transmitting further comprises transmitting the physical channel using a 

plurality of antenna ports, wherein the power P is divided equally across a set of 

antenna ports, wherein each antenna port of the set transmits the physical channel 

using non-zero power.

Embodiment 12: The method of any of embodiments 7-11, wherein the 

multi-antenna transmission configuration identifies if the physical channel is to be 

transmitted according to a UE cohérence capability, the capability comprising at least 

one of full-coherence, partial-coherence, or non-coherence.

Embodiment 13: The method of any of embodiments 7-12, wherein the 

ratio R is at most one.

Embodiment 14: The method of any of embodiments 7-13, wherein the 

ratio R is less than one only when the multi-antenna configuration identifies codebook 

based transmission and one of the following combinations of conditions is met: (a) the 

UE cohérence capability includes full cohérence, the first number of antenna ports is 

4, and the second number of antenna ports is 3 or less; (b) the UE cohérence 

capability includes full cohérence, the first number of antenna ports is 2, and the 

second number of antenna ports is 1 ; (c) the UE cohérence capability does not 

include full cohérence, does include partial cohérence, the first number of antenna 

ports is 4, and the second number of antenna ports is 1.

Embodiment 15: A user equipment (UE) comprising processing circuitry 

configured to dérivé a power P to be used for UL power control, wherein the power P 

is used to décidé the power to be used for a set of antenna ports, and the decision is 

determined according to some rule.

Embodiment 16: The UE of embodiment 15, wherein the rule dérivés a 

second power P’ which is divided equally across the antenna ports transmitting a non- 

zero PUSCH.

Embodiment 17: The UE of any of embodiments 15-16, wherein said 

second power is derived by scaling said first power P with a ratio of the number of 

antenna ports with a non-zero PUSCH transmission to the number of antenna ports 

used for PUSCH transmission.

Embodiment 18: The UE of any of embodiments 15-17, wherein the rule 

dépends on whetherthe UE is utilizing codebook based transmission or non-
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codebook based transmission for the PUSCH transmission.

Embodiment 19: The UE of any of embodiments 15-17, wherein the rule 

dépends on the UE capability in terms of full-coherence, partial-coherence, or non- 

coherence.

Embodiment 20: The UE of any of embodiments 15-19, wherein the second 

power is derived by scaling the first power P with a ratio where said ratio is derived as 

a function depending on any one or more ofthe following: codebook based 

transmission or non-codebook based PUSCH transmission; the UE capability in terms 

of full-coherence, partial-coherence, or non-coherence; the number of antenna ports 

with a non-zero PUSCH transmission; the number of antenna ports used for the 

PUSCH transmission; and the number of antenna ports at the UE.

Embodiment 21 : The UE of any of embodiments 15-20, wherein the rule is 

such that second power may be lower than said first power.

Embodiment 22: The UE of any of embodiments 15-21, wherein the rule is 

such that second power may equal the first power for rank 1 transmission for at least 

two ofthe UE capabilities, and/or for both codebook-based and non-codebook based 

transmission.

At least some ofthe following abbreviations may be used in this disclosure. 

If there is an inconsistency between abbreviations, preference should be given to how 

it is used above. If listed multiple times below, the first listing should be preferred over 

any subséquent listing(s).

• 2G Second Génération

• 3G Third Génération

• 3GPP Third Génération Partnership Project

• 4G Fourth Génération

• 5G Fifth Génération

• AC Alternating Current

• AP Access Point

• ASIC Application Spécifie Integrated Circuit

• ATM Asynchronous Transfer Mode

• BS Base Station

• BSC Base Station Controller

• BTS Base Transceiver Station

• CB Codebook Based User Equipment Capability



20213
57

• CD Compact Disk

• CDMA Code Division Multiple Access

• COTS Commercial off-the-Shelf

• CPE Customer Premise Equipment

5 • CP-OFDM Cyclic Prefix Orthogonal Frequency Division

Multiplexing

• CPU Central Processing Unit

• CSI-RS Channel State Information Reference Signal

• D2D Device-to-Device

10 • DAS Distributed Antenna System

• DC Direct Current

• DIMM Dual In-Line Memory Module

• DL Downlink

• DSP Digital Signal Processor

15 • DVD Digital Video Disk

• EEPROM Electrically Erasable Programmable Read Only Memory

• eMTC Enhanced Machine Type Communication

• E-SMLC Evolved-Serving Mobile Location Centre

• eNB Evolved Node B

20 • EPROM Erasable Programmable Read Only Memory

• FPGA Field Programmable Gâte Array

• GHz Gigahertz

• gNB Base station in NR

• GPS Global Positioning System

25 • GSM Global System for Mobile Communications

• HDDS Holographie Digital Data Storage

• HD-DVD High-Density Digital Versatile Disc

• I/O Input and Output

• loT Internet of Things

30 • IP Internet Protocol

• LAN Local Area Network

• LEE Laptop Embedded Equipment

• LME Laptop-Mounted Equipment
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• LTE Long-Term Evolution

• M2M Machine-to-Machine
• MANO Management and Orchestration

• MCE Multi-Cell/Multicast Coordination Entity
5 • MCS Modulation and Coding State

• MDT Minimization of Drive Tests

• MHz Mégahertz

• ΜΙΜΟ Multiple-Input-Multiple-Output

• mm Millimeter
10 • MSR Multi-Standard Radio

• MTC Machine Type Communication

• NB-loT Narrowband Internet of Things

• NIC Network Interface Controller

• NCB Non-Codebook Based User Equipment Capability
15 • NFV Network Function Virtualization

• NR New Radio

• NZP Non-Zero Power

• O&M Operation and Maintenance

• OSS Operations Support System
20 • OTT Over-the-Top

• PA Power Amplifier

• PC Power Control

• PDA Personal Digital Assistant

• PROM Programmable Read Only Memory
25 • PSTN Public Switched Téléphoné Network

• PUSCH Physical Uplink Shared Channel

• RAID Redundant Array of Independent Disks

• RAM Random Access Memory

• RAN Radio Access Network
30 • RAT Radio Access Technology

• RF Radio Frequency

• RNC Radio Network Controller

• ROM Read Only Memory
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• RRH Remote Radio Head

• RRU Remote Radio Unit

• RUIM Removable User Identity

• SDRAM Synchronous Dynamic Random Access Memory

5 • SIM Subscriber Identity Module

• SINR Signal to Interférence plus Noise Ratio

• SNR Signal to Noise Ratio

• SOC System on a Chip

• SON Self Optimized Network

10 • SONET Synchronous Optical Networking

• SRI Sounding Reference Signal Resource Indicator

• SRS Sounding Reference Signal

• TCP Transmission Control Protocol

• TFRE Time/Frequency Resource Elément

15 • TPC Transmit Power Control

• TPMI Transmit Precoder Matrix Indicator

• TRI Transmission Rank Indicator

• TRP Transmission Réception Point

• TS Technical Spécification

20 • UE User Equipment

• UL Uplink

• UMTS Universal Mobile Télécommunication System

• USB Universal Serial Bus

• UTRAN Universal Terrestrial Radio Access Network

25 • V2I Vehicle-to-lnfrastructure

• V2V Vehicle-to-Vehicle

• V2X Vehicle-to-Everything

• VMM Virtual Machine Monitor

• VNE Virtual Network Elément

30 • VNF Virtual Network Function

• VoIP Voice over Internet Protocol

• WAN Wide Area Network

• WCDMA Wideband Code Division Multiple Access
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• WD Wireless Device

• WiMax Worldwide Interoperability for Microwave Access

• WLAN Wide Local Area Network

Those skilled in the art will recognize improvements and modifications to the

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

considered within the scope of the concepts disclosed herein.
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Claims

1. A User Equipment, UE, comprising: 

processing circuitry configured to:

dérivé a power P to be used for uplink power control for a physical uplink 

shared channel transmission;

détermine whether the UE is using codebook based transmission or 

non-codebook based transmission; and

détermine a power to be used for a set of antenna ports based on the 

power P according to a rule that dépends on whether the UE is utilizing 

codebook based transmission or non-codebook based transmission for the 

physical uplink shared channel transmission, the set of antenna ports being 

antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power,

wherein the rule is such that, for a case of non-codebook based 

precoding, in order to détermine the power to be used for the set of antenna 

ports based on the power P according to the rule, the processing circuitry is 

further configured to equally divide the power P across the set of antenna ports 

on which the physical uplink shared channel transmission is transmitted with 

non-zero power, and

wherein the rule is such that, for a case of codebook based 

transmission, in order to détermine the power to be used for the set of antenna 

ports based on the power P according to the rule, the processing circuitry is 

further configured to dérivé a second power P’ by scaling the power P with a 

ratio of a number of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power to a number of Sounding 

Reference Signal, SRS, ports in an SRS resource at the UE, and equally divide 

the second power P’ across the set of antenna ports on which the physical 

uplink shared channel transmission is transmitted with non-zero power.

2. The UE of claim 1 wherein the UE further comprises an interface, and the 

Processing circuitry is further configured to transmit, via the interface, the physical 

uplink shared channel transmission using the set of antenna ports.
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3. The UE of claim 1 or 2 wherein the rule is such that, for a case of non- 

codebook based precoding and reciprocity based transmission, in orderto détermine 

the power to be used for the set of antenna ports based on the power P according to 

the rule, the processing circuitry is further configured to:

equally divide the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power.

4. The UE of claim 1 or 2 wherein the rule is such that, in order to détermine the 

power to be used for the set of antenna ports based on the power P according to the 

rule, the processing circuitry is further configured to:

• dérivé a ratio = K where p is a number of antenna ports used for the

physical uplink shared channel transmission, p0 is a number of antenna 

ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power, and:

ο K = 1 if the UE has full cohérence transmission capability in case of 

codebook based transmission;

ο K = 2 if the UE has partial cohérence transmission capability in case 

of codebook based transmission with four antenna ports; and

o X = 2 or Æ = 4 if the UE has non-coherence transmission capability 

in case of codebook based transmission and two or four antenna 

ports, respectively;

• dérivé a second power P’ by scaling the power P with a ratio β = min{l, a }; 

and

• equally divide the second power P’ across the set of antenna ports on which 

the physical uplink shared channel transmission is transmitted with non-zero 

power.

5. The UE of claim 4 wherein the ratio is derived by selecting the ratio from a set 

of predetermined values.

6. The UE of any one of daims 3 to 5 wherein the rule is such that the second 

power P’ may equal the power P for rank 1 transmission for:

at least two UE capabilities from a group of UE capabilities consisting of: a 

capability to perform full cohérence transmission, a capability to perform partial
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cohérence transmission, and a capability to perform non-coherence transmission; 
and/or

both codebook based and non-codebook based transmission.

7. A method implemented in a User Equipment, UE, the method comprising: 

deriving a power P to be used for uplink power control for a physical uplink 

shared channel transmission;

determining whether the UE is using codebook based transmission or non- 

codebook based transmission; and

determining a power to be used for a set of antenna ports based on the power 

P according to a rule that dépends on whether the UE is utilizing codebook based 

transmission or non-codebook based transmission for the physical uplink shared 

channel transmission, the set of antenna ports being antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power, 

wherein the rule is such that, for a case of non-codebook based precoding, 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule comprises equally dividing the power P across the set of antenna 

ports on which the physical uplink shared channel transmission is transmitted with 

non-zero power, and

wherein the rule is such that, for a case of codebook based transmission, 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule comprises deriving a second power P’ by scaling the power P 

with a ratio of a number of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power to a number of Sounding Reference 

Signal, SRS, ports in an SRS resource at the UE, and equally dividing the second 

power P’ across the set of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power.

8. The method of claim 7 further comprising transmitting the physical uplink 

shared channel transmission using the set of antenna ports.

9. The method of claim 7 or 8 wherein the rule is such that, for a case of non- 

codebook based precoding and reciprocity based transmission, determining the power 

to be used for the set of antenna ports based on the power P according to the rule
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comprises:

equally dividing the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power.

10. The method of claim 7 or 8 wherein the rule is such that determining the power 

to be used for the set of antenna ports based on the power P according to the rule 

comprises:

• deriving a ratio a = K where p is a number of antenna ports used for the 

physical uplink shared channel transmission, p0 is a number of antenna 

ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power, and:

ο K = 1 if the UE has full cohérence transmission capability in case of 

codebook based transmission;

ο K = 2 if the UE has partial cohérence transmission capability in case 

of codebook based transmission with four antenna ports; and

ο K = 2 or K = 4 if the UE has non-coherence transmission capability 

in case of codebook based transmission and two or four antenna 

ports, respectively;

• deriving a second power P’ by scaling the power P with a ratio β = 

min{l, a}; and

• equally dividing the second power P’ across the set of antenna ports on 

which the physical uplink shared channel transmission is transmitted with 

non-zero power.

11. The method of claim 7 or 8 wherein the rule is such that determining the power 

to be used for the set of antenna ports based on the power P according to the rule 

comprises:

deriving a second power P’ by scaling the power P with a ratio, where the ratio 

is derived as a function depending on whether the UE is utilizing codebook based 

transmission or non-codebook based transmission for the physical uplink shared 

channel transmission and:

a capability ofthe UE in terms of full cohérence, partial cohérence, or 

non-coherence transmission;

a number of antenna ports, in the set of antenna ports, on which a non- 
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zéro physical uplink shared channel is transmitted;

a number of antenna ports, in the set of antenna ports, used for the 

physical uplink shared channel transmission; and/or

a number of antenna ports, in the set of antenna ports, at the UE.

12. A method implemented in a User Equipment, UE, the method comprising: 

deriving a power P to be used for uplink power control for a physical uplink 

shared channel transmission;

determining whether the UE is using codebook based transmission or non- 

codebook transmission; and

determining a power to be used for a set of antenna ports based on the power 

P according to a rule that dépends on dépends on a capability of the UE in terms of 

full cohérence, partial cohérence, or non-coherence transmission, the set of antenna 

ports being antenna ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power,

wherein the rule is such that, for a case of non-codebook based precoding, 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule comprises equally dividing the power P across the set of antenna 

ports on which the physical uplink shared channel transmission is transmitted with 

non-zero power, and

wherein the rule is such that, for a case of codebook based transmission, 

determining the power to be used for the set of antenna ports based on the power P 

according to the rule comprises deriving a second power P’ by scaling the power P 

with a ratio of a number of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power to a number of Sounding Reference 

Signal, SRS, ports in an SRS resource at the UE, and equally dividing the second 

power P’ across the set of antenna ports on which the physical uplink shared channel 

transmission is transmitted with non-zero power.

13. The method of claim 12 further comprising transmitting the physical uplink 

shared channel transmission using the set of antenna ports.

14. The method of claim 12 or 13 wherein the rule is such that, for a case of non- 

codebook based precoding and reciprocity based transmission, determining the power 
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to be used for the set of antenna ports based on the power P according to the rule 

comprises:

equally dividing the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power. 

5

15. The method of claim 12 or 13 wherein the rule is such that determining the

power to be used for the set of antenna ports based on the power P according to the 

rule comprises:

• deriving a ratio a = where p is a number of antenna ports used for the 

10 physical uplink shared channel transmission, p0 is a number of antenna

ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power, and:

ο K = 1 if the UE has full cohérence transmission capability in case of 

codebook based transmission;

15 ο K = 2 if the UE has partial-coherence transmission capability in case

of codebook based transmission with four antenna ports; and

ο K = 2 or K = 4 if the UE has non-coherence transmission capability 

in case of codebook based transmission and two or four antenna 

ports, respectively;

20 · deriving a second power P’ by scaling the power P with a ratio β =

min{l, a }; and

• equally dividing the second power P’ across the set of antenna ports on 

which the physical uplink shared channel transmission is transmitted with 

non-zero power.

25

16. A User Equipment, UE, comprising:

processing circuitry configured to:

dérivé a power P to be used for uplink power control for a physical uplink 

shared channel transmission;

30 détermine whether the UE is using codebook based transmission or

non-codebook transmission; and

détermine a power to be used for a set of antenna ports based on the power P 

according to a rule that dépends on a capability of the UE in terms of full cohérence, 

partial cohérence, or non-coherence transmission, the set of antenna ports being
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antenna ports on which the physical uplink shared channel transmission is transmitted 

with non-zero power,

wherein the rule is such that, for a case of non-codebook based precoding, in 

order to détermine the power to be used for the set of antenna ports based on the 

power P according to the rule, the processing circuitry is further configured to equally 

divide the power P across the set of antenna ports on which the physical uplink 

shared channel transmission is transmitted with non-zero power, and

wherein the rule is such that, for a case of codebook based transmission, in 

order to détermine the power to be used for the set of antenna ports based on the 

power P according to the rule, the processing circuitry is further configured to dérivé a 

second power P’ by scaling the power P with a ratio of a number of antenna ports on 

which the physical uplink shared channel transmission is transmitted with non-zero 

power to a number of Sounding Reference Signal, SRS, ports in an SRS resource at 

the UE, and equally divide the second power P’ across the set of antenna ports on 

which the physical uplink shared channel transmission is transmitted with non-zero 
power.

17. The UE of claim 16 wherein the UE further comprises an interface, and the 

Processing circuitry is further configured to transmit, via the interface, the physical 

uplink shared channel transmission using the set of antenna ports.

18. The UE of claim 16 wherein the rule is such that, for a case of non-codebook 

based precoding and reciprocity based transmission, in order to détermine the power 

to be used for the set of antenna ports based on the power P according to the rule, the 

Processing circuitry is further configured to:

equally divide the power P across the set of antenna ports on which the 

physical uplink shared channel transmission is transmitted with non-zero power.

19. The UE of claim 16 wherein the rule is such that, in order to détermine the 

power to be used for the set of antenna ports based on the power P according to the 

rule, the processing circuitry is further configured to:

• dérivé a ratio a = Kwhere p is a number of antenna ports used for the 

physical uplink shared channel transmission, pQ is a number of antenna
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ports on which the physical uplink shared channel transmission is 

transmitted with non-zero power, and:

ο K = 1 if the UE has full cohérence transmission capability in case of 

codebook based transmission;

5 ο K = 2 if the UE has partial cohérence transmission capability in case

of codebook based transmission with four antenna ports; and

o /C = 2 or /C = 4 if the UE has non-coherence transmission capability 

in case of codebook based transmission and two or four antenna 

ports, respectively;

10 · dérivé a second power P’ by scaling the power P with a ratio β = a };

and

• equally divide the second power P’ across the set of antenna ports on which 

the physical uplink shared channel transmission is transmitted with non-zero 

power.

15

20. The UE of claim 16 wherein the ratio is derived by selecting the ratio from a set 

of predetermined values.
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Abstract

Systems and methods are disclosed herein for determining a power to be used 

for a set of antenna ports for a physical uplink shared channel transmission. In some 

embodiments, a User Equipment (UE) comprises processing circuitry configured to

5 dérivé a power P to be used for uplink power control for a physical uplink shared 

channel transmission and détermine a power to be used for a set of antenna ports 

based on the power P according to a rule that dépends on whether the UE is utilizing 

codebook based transmission or non-codebook based transmission for the physical 

uplink shared channel transmission. The set of antenna ports is antenna ports on 

10 which the physical uplink shared channel transmission is transmitted with non-zero

power.
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IMPLEMENTATION #1

FIG. 2
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IMPLEMENTATION #2
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