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SYSTEMS AND METHODS OF PERFORMING POWER CONTROL OF PHYSICAL
CHANNELS IN A COMMUNICATION SYSTEM

FIELD OF DISCLOSURE

The present disclosure relates generally to the field of communications, and in

particular to performing power control of physical channels in a communication system.

BACKGROUND

Packet data latency is one of the performance metrics that vendors, operators and
end-users (e.g., via speed test applications) regularly measure. Latency measurements are
performed in all phases of the lifetime of a radio access network system such as when
verifying a new software release or system component, when deploying a system and when

the system is in commercial operation.

One performance metric that guided the design of Long Term Evolution (LTE) was to
provide shorter latencies than previous generations of 3GPP radio access technologies
(RATs). By doing so, LTE is recognized by end users as providing faster access to the
Internet and shorter data latencies than these previous generations. Packet data latency is
important not only for the perceived responsiveness of the system but also indirectly
influences the throughput of the system. HTTP/TCP is the dominating application and
transport layer protocol used on the Internet. According to HTTP Archive
(http://httparchive.org/trends.php), the typical size of HTTP based transactions over the
Internet range from tens of kilobytes to one megabyte. In this range, the TCP slow start
period is a significant part of the total transport period of the packet stream. During TCP
slow start, the performance is limited by latency. Hence, the average throughput can be

improved by reducing the latency for this type of TCP based data transactions.

Furthermore, radio resource efficiency can be improved by reducing latency. For
instance, lower packet data latency could increase the number of transmissions that are
possible within a certain delay bound. Hence, higher Block Error Rate (BLER) targets could
be used for data transmissions, resulting in freeing up radio resources to improve the

capacity of the system.

Another area to reduce packet latency is to reduce the transport time of data and the
associated control signaling. For instance, in LTE Release 8, a transmission time interval
(TTI) corresponds to one subframe of length (i.e., 1 millisecond) that is composed of two

slots of 0.5 milliseconds each. One such TTl is constructed using fourteen orthogonal
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frequency division multiplexing (OFDM) or single-carrier, frequency-division multiple access
(SC-FDMA) symbols in the case of normal cyclic prefix (CP) and twelve OFDM or SC-FDMA
symbols in the case of extended CP. For LTE Release 13, shorter TTls (i.e., shorter than
the LTE release 8 TTI) are being investigated. These shorter TTIs may be any duration in
time and may include resources on a number of OFDM or SC-FDMA symbols that are within
the LTE Release 8 TTI (i.e., 1 millisecond). Short TTl is a term used thereafter to refer to a
transmission of shorter duration than LTE Release 8 transmission duration of 1ms. For
instance, the duration of a short TTI may be 0.5 milliseconds (i.e., 7 OFDM or SC-FDMA
symbols for normal CP), which corresponds to a slot based transmission. Another example

is a short TTI of 2 symbols, which corresponds to a subslot based transmission.

With short TTls, there is a need for improved techniques to perform power control of
physical channels in a communication system such as for transmission on physical channels
having short TTls. In addition, other desirable features and characteristics of the present
disclosure will become apparent from the subsequent detailed description and embodiments,
taken in conjunction with the accompanying figures and the foregoing technical field and

background.

The Background section of this document is provided to place embodiments of the
present disclosure in technological and operational context, to assist those of skill in the art
in understanding their scope and utility. Unless explicitly identified as such, no statement

herein is admitted to be prior art merely by its inclusion in the Background section.

SUMMARY

The following presents a simplified summary of the disclosure in order to provide a
basic understanding to those of skill in the art. This summary is not an extensive overview of
the disclosure and is not intended to identify key/critical elements of embodiments of the
disclosure or to delineate the scope of the disclosure. The sole purpose of this summary is
to present some concepts disclosed herein in a simplified form as a prelude to the more

detailed description that is presented later.

Briefly described, embodiment of the present disclosure relate to performing power
control of physical channels in a communication system. According to one aspect, a method
in a wireless device for performing power control of physical channels in a wireless
communication system includes determining transmission powers for transmissions on
physical channels having different transmission time interval lengths according to respective

power control loops. Further, the loops specify the transmission powers for the physical
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channels based on at least one parameter whose value is commonly updated or separately

updated for the loops.

According to another aspect, the method step of commonly updating may include
initializing the value of the at least one parameter for one loop based on the value of the at

least one parameter for another loop.

According to another aspect, the method step of commonly updating may include
determining the value of the at least one parameter for one loop based on the value of the at

least one parameter for another loop.

According to another aspect, the method step of commonly updating may include
determining a same value of the at least one parameter for the loops based on a value of the

at least one parameter for one loop.

According to another aspect, the method step of commonly updating may include
determining a same value of the at least one parameter for the loops based on values of the

at least one parameter for two or more loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a current value of the at least one

parameter for the loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a current value and a previous value of

the at least one parameter for the loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a weighted sum of the values of the at

least one parameter for the two or more loops.

According to another aspect, the method may include selecting one or more values
of the at least one parameter for the loops that corresponds to the most recent transmissions
on the physical channels. Further, the method step of determining the same value of the
parameter of the loops may be based on the one or more selected values of the at least one

parameter for the loops.

According to another aspect, the method may include selecting one or more values
of the at least one parameter for the loops based on the transmission time interval lengths of
the transmissions on the physical channels. Further, the method step of determining the
same value of the parameter of the loops may be based on the one or more selected values

of the at least one parameter for the loops.
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According to another aspect, the method step of selecting may include selecting from
those one or more values of the at least one parameter of the loops that have the
transmission time interval lengths of the transmissions on the physical channel being less

than a predetermined transmission time interval length.

According to another aspect, the predetermined transmission time interval length

may be one millisecond.

According to another aspect, the method may include receiving, by the wireless
device, from a network node, an indication of a value of the at least one parameter for one or

more loops.

According to another aspect, the method may include transmitting, by the wireless
device, to a network node, on each of the physical channels using the determined

transmission power for the corresponding power control loop.

According to another aspect, the physical channels having the different transmission
time interval lengths may include a physical channel having a transmission time interval
length of one millisecond and a physical channel having a transmission time interval length

of less than one millisecond.

According to another aspect, the physical channels having the different transmission
time interval lengths may include a physical uplink control channel (PUCCH) and a short
PUCCH (sPUCCH).

According to another aspect, the physical channels having the different transmission
time interval lengths may include a physical uplink shared channel (PUSCH) and a short
PUSCH (sPUSCH).

According to another aspect, the at least one parameter may include a parameter
B)_Physical(;hannew that corresponds to a target of received power for transmissions on a

certain physical channel of a serving cell C.

According to another aspect, a value for the parameter B)_Physical(;hannew may be

signaled to the wireless device over a radio resource control (RRC) protocol.

According to another aspect, the at least one parameter includes a parameter f;(1)

for deriving (that corresponds to) closed loop power control for transmission on a certain

physical channel on a subframe 1 of a serving cell C.
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According to another aspect, the method may include determining a value of the

parameter f;(l) using an accumulation or non-accumulation-based calculation.

According to another aspect, the at least one parameter may include a parameter

aPhysicalChanneLc for deriving a closed loop adaptation of a closed loop power control (1‘;(1'))

for transmission on a certain physical channel on a subframe 1 of a serving cell C.

According to another aspect, a said parameter e.g. 8Physical(3hannelﬁc may be signaled

in downlink control information (DCI) on a physical downlink control channel (PDCCH),

and/or indicated in an uplink grant.

According to one aspect, a wireless device for performing power control of physical
channels in a wireless communication system may be configured to determine transmission
powers for transmissions on physical channels having different transmission time interval
lengths according to respective power control loops. Further, the loops may specify the
transmission powers for the physical channels based on at least one parameter whose value

is commonly updated or separately updated for the loops.

According to another aspect, the wireless device may be configured to determine the
transmission powers for the physical channels based on the at least one parameter whose

value is commonly updated or separately updated for the loops.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by initializing the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on a value of the at least one parameter for

one loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on values of the at least one parameter for

two or more loops.
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According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a current value of the at

least one parameter for the loops.

According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a current value and a

previous value of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a weighted sum of the

values of the at least one parameter for the two or more loops.

According to another aspect, the wireless device may be configured to select one or
more values of the at least one parameter for the loops that corresponds to the most recent
transmissions on the physical channels. Further, the wireless device may be configured to
determine a same value of the parameter of the loops based on the one or more selected

values of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to select one or
more values of the at least one parameter for the loops based on the transmission time
interval lengths of the transmissions on the physical channels. Further, the wireless device
may be configured to determine a same value of the parameter of the loops based on the

one or more selected values of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to select from
those one or more values of the at least one parameter of the loops that have the
transmission time interval lengths of the transmissions on the physical channel being less

than a predetermined transmission time interval length.

According to another aspect, the wireless device may be configured to receive, from

a network node, an indication of a value of the at least one parameter for one or more loops.

According to another aspect, the wireless device may be configured to transmit, to a
network node, on each of the physical channels using the determined transmission power for

the corresponding power control loop.

According to one aspect, a wireless device for performing power control of physical
channels in a wireless communication system may include a processor and a memory. The
memory containing instructions, executable by the processor, whereby the wireless device
may be configured to determine transmission powers for transmissions on physical channels
having different transmission time interval lengths according to respective power control

loops. Further, the loops specify the transmission powers for the physical channels based
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on at least one parameter whose value is commonly updated or separately updated for the

loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the transmission powers for the physical channels
based on the at least one parameter whose value is commonly updated or separately

updated for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least one parameter for
the loops by initializing the value of the at least one parameter for one loop based on the

value of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least one parameter for
the loops by determining the value of the at least one parameter for one loop based on the

value of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least one parameter for
the loops by determining a same value of the at least one parameter for the loops based on

a value of the at least one parameter for one loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least one parameter for
the loops by determining the same value of the at least one parameter for the loops based

on values of the at least one parameter for two or more loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for

the loops based on a current value of the at least one parameter for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for
the loops based on a current value and a previous value of the at least one parameter for the

loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for
the loops based on a weighted sum of the values of the at least one parameter for the two or

more loops.
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According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select one or more values of the at least one parameter for
the loops that corresponds to the most recent transmissions on the physical channels.
Further, the wireless device may be configured to determine a same value of the parameter
of the loops based on the one or more selected values of the at least one parameter for the

loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select one or more values of the at least one parameter for
the loops based on the transmission time interval lengths of the transmissions on the
physical channels. Further, the wireless device may be configured to determine a same
value of the parameter of the loops based on the one or more selected values of the at least

one parameter for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select from those one or more values of the at least one
parameter of the loops that have the transmission time interval lengths of the transmissions

on the physical channel being less than a predetermined transmission time interval length.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to receive, from a network node, an indication of a value of the

at least one parameter for one or more loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to transmit, to a network node, on each of the physical

channels using the determined transmission power for the corresponding power control loop.

According to one aspect, a method in a wireless device for performing power control
of physical channels in a wireless communication system comprises receiving, by the
wireless device, from a network node, an indication of a value of at least one parameter that
corresponds to transmission powers for transmissions on physical channels having different
transmission time interval lengths according to respective power control loops. Further, the
loops specify the transmission powers for the physical channels based on the at least one

parameter whose value is commonly updated or separately updated for the loops.

According to another aspect, the method may include determining the transmission
powers for the physical channels based on the at least one parameter whose value is

commonly updated or separately updated for the loops.
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According to another aspect, the method step of commonly updating may include
initializing the value of the at least one parameter for one loop based on the value of the at

least one parameter for another loop.

According to another aspect, the method step of commonly updating may include
determining the value of the at least one parameter for one loop based on the value of the at

least one parameter for another loop.

According to another aspect, the method step of commonly updating may include
determining a same value of the at least one parameter for the loops based on a value of the

at least one parameter for one loop.

According to another aspect, the method step of commonly updating may include
determining a same value of the at least one parameter for the loops based on values of the

at least one parameter for two or more loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a current value of the at least one

parameter for the loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a current value and a previous value of

the at least one parameter for the loops.

According to another aspect, the method step of determining the same value of the at
least one parameter for the loops may be based on a weighted sum of the values of the at

least one parameter for the two or more loops.

According to another aspect, the method may include selecting one or more values
of the at least one parameter for the loops that corresponds to the most recent transmissions
on the physical channels. Further, the method step of determining the same value of the
parameter of the loops may be based on the one or more selected values of the at least one

parameter for the loops.

According to another aspect, the method may include selecting one or more values
of the at least one parameter for the loops based on the transmission time interval lengths of
the transmissions on the physical channels. Further, the method step of determining the
same value of the parameter of the loops may be based on the one or more selected values

of the at least one parameter for the loops.

According to another aspect, the method step of selecting may include selecting from

those one or more values of the at least one parameter of the loops that have the
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transmission time interval lengths of the transmissions on the physical channel being less

than a predetermined transmission time interval length.

According to another aspect, the method may include transmitting, by the wireless
device, to a network node, on each of the physical channels using the determined

transmission power for the corresponding power control loop.

According to one aspect, a wireless device for performing power control of physical
channels in a wireless communication system is configured to receive, from a network node,
an indication of a value of at least one parameter that corresponds to transmission powers
for transmissions on physical channels having different transmission time interval lengths
according to respective power control loops. Further, the loops specify the transmission
powers for the physical channels based on the at least one parameter whose value is

commonly updated or separately updated for the loops.

According to another aspect, the wireless device may be configured to determine the
transmission powers for the physical channels based on the at least one parameter whose

value is commonly updated or separately updated for the loops.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by initializing the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on a value of the at least one parameter for

one loop.

According to another aspect, the wireless device may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on values of the at least one parameter for

two or more loops.

According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a current value of the at

least one parameter for the loops.

-10 -
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According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a current value and a

previous value of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to determine the
same value of the at least one parameter for the loops based on a weighted sum of the

values of the at least one parameter for the two or more loops.

According to another aspect, the wireless device may be configured to select one or
more values of the at least one parameter for the loops that corresponds to the most recent
transmissions on the physical channels. Further, the wireless device may be configured to
determine a same value of the parameter of the loops based on the one or more selected

values of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to select one or
more values of the at least one parameter for the loops based on the transmission time
interval lengths of the transmissions on the physical channels. Further, the wireless device
may be configured to determine a same value of the parameter of the loops based on the

one or more selected values of the at least one parameter for the loops.

According to another aspect, the wireless device may be configured to select from
those one or more values of the at least one parameter of the loops that have the
transmission time interval lengths of the transmissions on the physical channel being less

than a predetermined transmission time interval length.

According to another aspect, the wireless device may be configured to transmit, to a
network node, on each of the physical channels using the determined transmission power for

the corresponding power control loop.

According to one aspect, a wireless device for performing power control of physical
channels in a wireless communication system comprises a processor and a memory.
Further, the memory contains instructions, executable by the processor, whereby the
wireless device is configured to receive, from a network node, an indication of a value of at
least one parameter that corresponds to transmission powers for transmissions on physical
channels having different transmission time interval lengths according to respective power
control loops. Further, the loops specify the transmission powers for the physical channels
based on the at least one parameter whose value is commonly updated or separately

updated for the loops.

According to another aspect, the memory may contain instructions whereby the

wireless device is configured to determine the transmission powers for the physical channels
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based on the at least one parameter whose value is commonly updated or separately

updated for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least parameter for the
loops by initializing the value of the at least one parameter for one loop based on the value

of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least parameter for the
loops by determining the value of the at least one parameter for one loop based on the value

of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least parameter for the
loops by determining a same value of the at least one parameter for the loops based on a

value of the at least one parameter for one loop.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to commonly update a value of the at least parameter for the
loops by determining a same value of the at least one parameter for the loops based on

values of the at least one parameter for two or more loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for

the loops based on a current value of the at least one parameter for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for
the loops based on a current value and a previous value of the at least one parameter for the

loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to determine the same value of the at least one parameter for
the loops based on a weighted sum of the values of the at least one parameter for the two or

more loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select one or more values of the at least one parameter for
the loops that corresponds to the most recent transmissions on the physical channels.

Further, the memory may contain instructions whereby the wireless device is configured to
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determine a same value of the parameter of the loops based on the one or more selected

values of the at least one parameter for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select one or more values of the at least one parameter for
the loops based on the transmission time interval lengths of the transmissions on the
physical channels. Further, the memory may contain instructions whereby the wireless
device is configured to determine a same value of the parameter of the loops based on the

one or more selected values of the at least one parameter for the loops.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to select from those one or more values of the at least one
parameter of the loops that have the transmission time interval lengths of the transmissions

on the physical channel being less than a predetermined transmission time interval length.

According to another aspect, the memory may contain instructions whereby the
wireless device is configured to transmit, to a network node, on each of the physical

channels using the determined transmission power for the corresponding power control loop.

According to one aspect, a computer program product is stored in a non-transitory
computer readable medium for controlling a wireless device in a communication system.
Further, the computer program product comprises software instructions which, when run on
the wireless device, cause the wireless device to carry out any of the methods described
herein. Further, a carrier may contain the computer program with the carrier being one of an

electronic signal, optical signal, radio signal, or computer readable storage medium.

According to one aspect, a method in a network node for performing power control of
physical channels in a wireless communication system comprises transmitting, by the
network node, to a wireless device, an indication of a value of at least one parameter that
corresponds to transmission powers for transmissions by the wireless device on physical
channels having different transmission time interval lengths according to respective power
control loops. Further, the loops specify the transmission powers for the physical channels
based on the at least one parameter whose value is commonly updated or separately

updated for the loops.

According to another aspect, the method may include obtaining the value of the at

least one parameter.

According to another aspect, the method may include receiving, by the network node,

transmissions by the wireless device on each of the physical channels with each
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transmission having a transmission power based on the one or more parameters according

to the corresponding power control loop.

According to another aspect, the method may include determining the value of the at
least one parameter based on one or more received transmissions, from the wireless device,
on each of the physical channels with each transmission having a transmission power based
on a previous value of the one or more parameters according to the corresponding power

control loop.

According to another aspect, the step of commonly updating the at least one
parameter for the loops may include the value of the at least one parameter for one loop

being initialized based on the value of the at least one parameter for another loop.

According to another aspect, the step of commonly updating the at least one
parameter for the loops may include the value of the at least one parameter for one loop

being determined based on the value of the at least one parameter for another loop.

According to another aspect, the step of commonly updating the at least one
parameter for the loops may include a same value of the at least one parameter for the loops

being determined based on a value of the at least one parameter for one loop.

According to another aspect, the step of commonly updating the at least one
parameter for the loops may include a same value of the at least one parameter for the loops

being determined based on values of the at least one parameter for two or more loops.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on a current value of the at least one parameter

for the loops.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on a current value and a previous value of the at

least one parameter for the loops.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on a weighted sum of the values of the at least

one parameter for the two or more loops.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on one or more values of the at least one
parameter for the loops that correspond to the most recent transmissions on the physical

channels.
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According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on the transmission time interval lengths of the

transmissions on the physical channels.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on one or more values of the at least one
parameter for those loops that correspond to the transmission time interval lengths of the
transmissions on the physical channel being less than a predetermined transmission time

interval length.

According to another aspect, the predetermined transmission time interval length

may be one millisecond.

According to another aspect, the physical channels having the different transmission
time interval lengths may include a physical channel having a transmission time interval
length of one millisecond and a physical channel having a transmission time interval length

of less than one millisecond.

According to another aspect, the physical channels having the different transmission

time interval lengths may include a PUCCH and an sPUCCH.

According to another aspect, the physical channels having the different transmission

time interval lengths may include a PUSCH and an sPUSCH.

According to another aspect, the at least one parameter may include a parameter
B)_Physical(;hannew that corresponds to a target of received power for transmissions on a
certain physical channel of a serving cell C.

According to another aspect, an indication of a value for the parameter
B)_Physical(;hannew may be signaled to the wireless device over a radio resource control (RRC)
protocol.

According to another aspect, the at least one parameter may include a parameter
f;(l) that corresponds to closed loop power control for transmission on a certain physical

channel on a subframe I of a serving cell C.

According to another aspect, a value of the parameter f;(l) may be determined

using an accumulation or non-accumulation-based calculation.
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According to another aspect, the at least one parameter may include a parameter

aPhysicalChanneLc that corresponds to a closed loop adaptation of closed loop power control (

f;(1) ) for transmission on a certain physical channel on a subframe 1 of a serving cell C.

According to another aspect, an indication of said parameter, e.g. 8Physical(3hannel’c

may be signaled in downlink control information (DCI) over a physical downlink control

channel (PDCCH), and/or indicated in an uplink grant.

According to one aspect, a network node for performing power control of physical
channels in a wireless communication system is configured to transmit, to a wireless device,
an indication of a value of at least one parameter that corresponds to transmission powers
for transmissions by the wireless device on physical channels having different transmission
time interval lengths according to respective power control loops. Further, the loops specify
the transmission powers for the physical channels based on the at least one parameter

whose value is commonly updated or separately updated for the loops.

According to another aspect, the network node may be configured to obtain the value

of the at least one parameter.

According to another aspect, the network node may be configured to receive, by the
network node, transmissions by the wireless device on each of the physical channels with
each transmission having a transmission power based on the one or more parameters

according to the corresponding power control loop.

According to another aspect, the network node may be configured to determine the
value of the at least one parameter based on one or more received transmissions, from the
wireless device, on each of the physical channels with each transmission having a
transmission power based on a previous value of the one or more parameters according to

the corresponding power control loop.

According to another aspect, the network node may be configured to commonly
update a value of the at least one parameter for the loops by initializing the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

According to another aspect, the network node may be configured to commonly
update a value of the at least one parameter for the loops by determining the value of the at
least one parameter for one loop based on the value of the at least one parameter for

another loop.

-16 -



10

15

20

25

30

CA 03037985 2019-03-22

WO 2018/060170 PCT/EP2017/074316

According to another aspect, the network node may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on a value of the at least one parameter for

one loop.

According to another aspect, the network node may be configured to commonly
update a value of the at least one parameter for the loops by determining a same value of
the at least one parameter for the loops based on values of the at least one parameter for

two or more loops.

According to another aspect, the network node may be configured to determine the
same value of the at least one parameter for the loops based on a current value of the at

least one parameter for the loops.

According to another aspect, the network node may be configured to determine the
same value of the at least one parameter for the loops based on a current value and a

previous value of the at least one parameter for the loops.

According to another aspect, the network node may be configured to determine the
same value of the at least one parameter for the loops based on a weighted sum of the

values of the at least one parameter for the two or more loops.

According to another aspect, the network node may be configured to determine the
same value of the at least one parameter for the loops based on one or more values of the
at least one parameter for the loops that correspond to most recent transmissions on the

physical channels.

According to another aspect, the network node may be configured to determine the
same value of the at least one parameter for the loops based on the transmission time

interval lengths of the transmissions on the physical channels.

According to another aspect, the step of determining the same value of the at least
one parameter for the loops may be based on one or more values of the at least one
parameter for those loops that correspond to the transmission time interval lengths of the
transmissions on the physical channel being less than a predetermined transmission time

interval length.

According to one aspect, a network node for performing power control of physical
channels in a wireless communication system comprises a processor and a memory.
Further, the memory contains instructions, executable by the processor, whereby the
network node is configured to transmit, to a wireless device, an indication of a value of at

least one parameter that corresponds to transmission powers for transmissions by the
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wireless device on physical channels having different transmission time interval lengths
according to respective power control loops. Further, the loops specify the transmission
powers for the physical channels based on the at least one parameter whose value is

commonly updated or separately updated for the loops.

According to another aspect, the memory may contain instructions whereby the

network node is configured to obtain the value of the at least one parameter.

According to another aspect, the memory may contain instructions whereby the
network node is configured to receive, by the network node, transmissions by the wireless
device on each of the physical channels with each transmission having a transmission power

based on the one or more parameters according to the corresponding power control loop.

According to another aspect, the memory contains instructions whereby the network
node may be configured to determine the value of the at least one parameter based on one
or more received transmissions, from the wireless device, on each of the physical channels
with each transmission having a transmission power based on a previous value of the one or

more parameters according to the corresponding power control loop.

According to another aspect, the memory may contain instructions whereby the
network node is configured to commonly update a value of the at least one parameter for the
loops by initializing the value of the at least one parameter for one loop based on the value

of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
network node is configured to commonly update a value of the at least one parameter for the
loops by determining the value of the at least one parameter for one loop based on the value

of the at least one parameter for another loop.

According to another aspect, the memory may contain instructions whereby the
network node is configured to commonly update a value of the at least one parameter for the
loops by determining a same value of the at least one parameter for the loops based on a

value of the at least one parameter for one loop.

According to another aspect, the memory may contain instructions whereby the
network node is configured to commonly update a value of the at least one parameter for the
loops by determining a same value of the at least one parameter for the loops based on

values of the at least one parameter for two or more loops.

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the

loops based on a current value of the at least one parameter for the loops.

-18 -



10

15

20

25

30

CA 03037985 2019-03-22

WO 2018/060170 PCT/EP2017/074316

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the
loops based on a current value and a previous value of the at least one parameter for the

loops.

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the
loops based on a weighted sum of the values of the at least one parameter for the two or

more loops.

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the
loops based on one or more values of the at least one parameter for the loops that

correspond to most recent transmissions on the physical channels.

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the
loops based on the transmission time interval lengths of the transmissions on the physical

channels.

According to another aspect, the memory may contain instructions whereby the
network node is configured to determine the same value of the at least one parameter for the
loops based on one or more values of the at least one parameter for those loops that
correspond to the transmission time interval lengths of the transmissions on the physical

channel being less than a predetermined transmission time interval length.

According to one aspect, a computer program product is stored in a non-transitory
computer readable medium for controlling a network node in a communication system.
Further, the computer program product comprises software instructions which, when run on
the network node, cause the network node to carry out any of the methods described herein.
Further, a carrier may contain the computer program with the carrier being one of an

electronic signal, optical signal, radio signal, or computer readable storage medium.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will now be described more fully hereinafter with reference to
the accompanying drawings, in which embodiments of the disclosure are shown. However,
this disclosure should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the disclosure to those skilled in the art. Like

numbers refer to like elements throughout.
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FIG. 1 illustrates one embodiment of a system for performing power control of

physical channels in accordance with various aspects as described herein.

FIG. 2 illustrates one embodiment of a wireless device for performing power control

of physical channels in accordance with various aspects as described herein.

FIG. 3 illustrates another embodiment of a wireless device for performing power

control of physical channels in accordance with various aspects as described herein.

FIG. 4 illustrates another embodiment of a wireless device for performing power

control of physical channels in accordance with various aspects as described herein.

FIG. 5 illustrates one embodiment of method by a wireless device for performing

power control of physical channels in accordance with various aspects as described herein.

FIG. 6 illustrates another embodiment of a wireless device for performing power

control of physical channels in accordance with various aspects as described herein.

FIG. 7 illustrates another embodiment of method by a wireless device for performing

power control of physical channels in accordance with various aspects as described herein.

FIG. 8 illustrates one embodiment of a network node for performing power control of

physical channels in accordance with various aspects as described herein.

FIG. 9 illustrates another embodiment of a network node for performing power control

of physical channels in accordance with various aspects as described herein.

FIG. 10 illustrates another embodiment of a network node for performing power

control of physical channels in accordance with various aspects as described herein.

FIG. 11 illustrates one embodiment of method by a network node for performing

power control of physical channels in accordance with various aspects as described herein.

FIG. 12 illustrates an example where uplink sTTls are scheduled and closed loop
power control (1‘;(1')) is updated before the one millisecond uplink transmission is
performed.

FIG. 13 illustrates a 20 usec. transient period between messages for sTTI.

DETAILED DESCRIPTION

For simplicity and illustrative purposes, the present disclosure is described by
referring mainly to an exemplary embodiment thereof. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the

present disclosure. However, it will be readily apparent to one of ordinary skill in the art that
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the present disclosure may be practiced without limitation to these specific details. In this
description, well known methods and structures have not been described in detail so as not

to unnecessarily obscure the present disclosure.

This disclosure includes describing systems and methods for performing power
control of physical channels in a communication system. The systems and methods
described herein provide faster closed loop power control for physical channels having
different transmission time interval lengths while also reducing memory requirements. For
example, FIG. 1 illustrates one embodiment of a system 100 for performing power control of
physical channels 121, 131 in accordance with various aspects as described herein. In FIG.
1, the system 100 may include a network node 101 (e.g., base station) with coverage area
103, and a wireless device 105 (e.g., UE). Each of the network node 101 and the wireless
device 105 may send different signals to the other. In one example, the network node 101
may transmit the signal 107 to the wireless device 105. In another example, the wireless
device 105 may transmit the signal 107 to the network node 101. The signal 107 may
include a series of transmissions 123a-d on a first physical channel 121 (e.g., sPUCCH,
sPUSCH) and a series of transmission 133a-b on a second physical channel 131 (e.g.,
PUCCH, PUSCH). An sPUCCH may be referred to as a short or shortened PUCCH, a slot
PUCCH for 0.5ms PUCCH, a subslot PUCCH for Tms/6 PUCCH, or the like. In one
definition, an sPUCCH may refer to a PUCCH having a transmission time interval (TTI) that
is less than a TTI of a normal PUCCH (e.g., LTE Release 8 PUCCH). For instance, a
normal PUCCH has a TTI of one millisecond and an sPUCCH has a TTI of 0.5 milliseconds.
In another definition, an sPUCCH may have a TTI that is less than one millisecond.
Similarly, an sPUSCH may be referred to as a short or shortened PUSCH, a slot PUSCH for
0.5ms PUSCH, a subslot PUSCH for 1ms/6 PUSCH, or the like. In one definition, an
sPUSCH may refer to a PUSCH having a transmission time interval (TTl) that is less than a
TTI of a normal PUSCH (e.g., LTE Release 8 PUSCH). For instance, a normal PUSCH has
a TTI of one millisecond and an sPUSCH has a TTI of 0.5 milliseconds. In another
definition, an sPUSCH may have a TTI that is less than one millisecond or less than 0.5

milliseconds.

Furthermore, the series of transmissions 123a-d on the first physical channel 121
may have a first TTl length 125 (e.g., < 1 msec.) and the series of transmission 133a-b on
the second physical channel 131 may have a second TTl length 135 (e.g., 1 msec.). While
FIG. 1 shows that the series of transmissions 123a-d on a first physical channel 121 are
concurrent in time with the series of transmission 133a-b on the second physical channel
131, the series of transmissions 123a-d on the first physical channel 121 may be at times

that are different from the series of transmission 133a-b on the second physical channel
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131. TTIl may also refer to a subframe having a certain length or a slot having a certain
length. In another example, the transmissions with a first TTI length occur at different time

instances than the transmission with a second TTI length.

In FIG. 1, the wireless device 105 may determine transmission powers for the
transmissions 123a-d and 133a-b on the physical channels 121 and 131 having different
transmission time interval lengths 125 and 135, respectively, according to respective power
control loops (e.g., open or closed power control loops). Further, these loops may specify

the transmission powers for the physical channels 121 and 131 based on the at least one

parameter 111 (e.g., PO_PhysicalChannel,c such as PO_PUSCH,c or B)_PUCCH,cs OphysicalChannl.c SUCH

as Opuscn.e OF Opuccner of L., where Cindicates the serving cell) whose value is

commonly updated or separately updated for the loops. In one definition, a power control
loop allows a wireless device to set its transmit output power to a certain value. A power
control loop includes at least one of a closed power control loop and an open power control
loop. An open power control loop allows a wireless device to set its transmit output power to
a certain value when the wireless device is accessing a wireless communications network.
A closed power control loop allows a wireless device to set its transmit output power to a

certain value based on a transmit power control command received from a network node.

In this embodiment, the at least one parameter 111 may be commonly updated using
various techniques. For example, the at least one parameter 111 may be commonly
updated by initializing or determining its value for one loop based on its value for another
loop. In another example, the at least one parameter 111 may be commonly updated by
determining the same value of the at least one parameter 111 for the loops based on its
value for one loop or two or more loops. Further, the same value of the at least one
parameter 111 may be determined based on its previous value, current value, or both for the
loops. Also, one or more values of the at least one parameter 111 may be selected from
one or more of its values for the loops that correspond to the most recent transmissions, e.g.
a configured number of the most recent transmission(s), (e.g., the most recent transmission,
the most recent 2 transmissions, the most recent 3 transmissions, etc.) on the physical
channels 121, 131. In addition, one or more values of the at least one parameter 111 may
be selected from one or more of its values for the loops based on the transmission time
interval lengths 125, 135 of the transmissions on the respective physical channels 121, 131
such as from those one or more values of the at least one parameter 111 of the loops that
have the transmission time interval lengths 125, 135 of the transmissions on the physical
channel 121, 131 being less than a predetermined transmission time interval length such as

one millisecond.
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In FIG. 1, the network node 101 may be configured to support one or more
communication systems such as LTE, UMTS, GSM, NB-loT, 5G New Radio (NR), the like,
or any combination thereof. Further, the network node 101 may be a base station, an
access point, or the like. The network node 101 may serve wireless device 105. The
wireless device 105 may be configured to support one or more communication systems such
as LTE, UMTS, GSM, NB-loT, 5G NR, the like, or any combination thereof.

FIG. 2 illustrates one embodiment of a wireless device 200 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
2, the wireless device 200 may include a receiver circuit 201, a transmission power
determination circuit 203, a transmitter circuit 213, the like, or any combination thereof. The
receiver circuit 201 may be configured to receive, from a network node such as one that is
serving the wireless device 200, a value of at least one parameter for one or more power
control loops for respective physical channels having different transmission time interval
lengths. The transmission power determination circuit 203 is configured to determine
transmission powers for transmissions on the physical channels having different
transmission time intervals according to the respective power control loops. Further, the
loops are configured to specify the transmission powers for the physical channels based on
the at least one parameter whose value is commonly updated or separately updated for the
control loops. The value of the parameter may be determined by the wireless device e.qg.
based on configuration information received from the network node, and/or an indication of
the value or information allowing a determination of the value of the parameter which is
signalled to the wireless device. Any option for communicating a value of the parameter may

be referred to as transmitting/receiving an indication of the value.

In FIG. 2, the transmission power determination circuit 203 may include a
parameter(s) initialization circuit 205, a parameter determination circuit 207, the like, or any
combination thereof. The parameters(s) initialization circuit 205 may be configured to
initialize the value of the at least one parameter for one power control loop based on the
value of the at least one parameter for another power control loop. Further, the parameter
determination circuit 207 may be configured to determine the value of the at least one
parameter for one power control loop based on the value of the at least one parameter for
another power control loop. The parameter determination circuit 207 may include a
weighted sum determination circuit 209, a selection circuit 211, a like circuit, or any
combination thereof. The weighted sum determination circuit 209 may be configured to
determine a weighted sum of the values of the at least one parameter for two or more power
control loops. The selection circuit 211 may be configured to select one or more values of

the at least one parameter for the loops that corresponds to more recent transmissions on
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the physical channels. Also, the selection circuit 211 may be configured to select one or
more values of the at least one parameter for the loops based on the transmission time
interval lengths of the transmissions on the physical channels. Finally, the transmitter circuit
213 may be configured to transmit, to the network node, on each of the physical channels

using the determined transmission power for the corresponding power control loop.

FIG. 3 illustrates another embodiment of a wireless device 300 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
3, the wireless device 300 may include processing circuit(s) 301, communications circuit(s)
305, antenna(s) 307, the like, or any combination thereof. The communication circuit(s) 305
may be configured to transmit or receive information to or from one or more network nodes
or one or more wireless devices via any communication technology. This communication
may occur using the one or more antennas 307 that are either internal or external to the
wireless device 300. The processing circuit(s) 301 may be configured to perform processing
as described herein (e.g., the methods of FIGs. 5 and 7) such as by executing program
instructions stored in memory 303. The processing circuit(s) 301 in this regard may

implement certain functional means, units, or modules.

FIG. 4 illustrates another embodiment of a wireless device 400 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
4, the wireless device 400 may implement various functional means, units, or modules (e.g.,
via the processing circuit(s) 301 in FIG. 3 or via software code). These functional means,
units, or modules (e.g., for implementing the methods of FIGs. 5 and 7) may include a
receiving module or unit 401 for receiving, from a network node, a value of at least one
parameter for one or more loops for respective physical channels having different
transmission time interval lengths. Further, these functional means, units, or modules
include a transmission power determining module or unit 403 for determining transmission
powers for transmissions on the physical channels having different transmission time interval
lengths. The power control loops specify the transmission powers for the physical channels
based on the at least one parameter whose value is commonly updated or separately
updated for the loops. These functional means, units, or modules may include a parameter
initializing module or unit 405 for initializing the value of the at least one parameter for one
loop based on the value of the at least one parameter for another loop. These functional
means, units, or modules may include a parameter determining module or unit 407 for
determining the value of the at least one parameter for one loop based on the value of the at
least one parameter for another loop. These functional means, units, or modules may
include a weighted sum determining module or unit 409 for determining the value of the at

least one parameter for one loop based on the value of the at least one parameter for
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another loop. These functional means, units, or modules may include a selecting module or
unit 411 for selecting one or more values of the at least one parameter for the loops that
corresponds to more recent transmissions on the physical channels. Further, the selecting
module or unit 411 may include selecting one or more values of the at least one parameter
for the loops based on the transmission time interval lengths of the transmissions on the
physical channels. In addition, these functional means, units, or modules may include a
transmitting module or unit 413 for transmitting, to the network node, on each of the physical

channels using the determined transmission power for the corresponding power control loop.

FIG. 5 illustrates one embodiment of method 500 by a wireless device for performing
power control of physical channels in accordance with various aspects as described herein.
In FIG. 5, the method 500 may start, for instance, at block 501, where it may include
receiving, from a network node, a value of at least one parameter for one or more loops of
the physical channels. At block 503, the method 500 includes determining transmission
powers for transmissions on the physical channels having different transmission time interval
lengths according to respective power control loops. Further, the loops may specify the
transmission powers for the physical channels based on the at least one parameter whose
value is commonly updated or separately updated for the loops. At block 505, the method
500 may include initializing the value of the at least one parameter for one loop based on the
value of the at least one parameter for another loop. At block 507, the method 500 may
include determining the value of the at least one parameter for one loop based on the value
of the at least one parameter for another loop. At block 509, the method 500 may include
determining a weighted sum of the values of the at least one parameter for the two or more
loops. At block 511, the method 500 may include selecting one or more values of the at
least one parameter for the loops that corresponds to more recent transmissions on the
physical channels. At block 513, the method 500 may include selecting one or more values
of the at least one parameter for the loops based on the transmission time interval lengths of
the transmissions on the physical channels. At block 515, the method 500 may include
transmitting, by the wireless device, to the network node, on each of the physical channels

using the determined transmission power for the corresponding power control loop.

FIG. 6 illustrates one embodiment of a wireless device 600 in accordance with
various aspects as described herein. In some instances, the wireless device 600 may be
referred as a user equipment (UE), a mobile station (MS), a terminal, a cellular phone, a
cellular handset, a personal digital assistant (PDA), a smartphone, a wireless phone, an
organizer, a handheld computer, a desktop computer, a laptop computer, a tablet computer,
a set-top box, a television, an appliance, a game device, a medical device, a display device,

a metering device, or some other like terminology. In other instances, the wireless device
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600 may be a set of hardware components. In FIG. 6, the wireless device 600 may be
configured to include a processor 601 that is operatively coupled to an input/output interface
605, a radio frequency (RF) interface 609, a network connection interface 611, a memory
615 including a random access memory (RAM) 617, a read only memory (ROM) 619, a
storage medium 621 or the like, a communication subsystem 631, a power source 633,
another component, or any combination thereof. The storage medium 621 may include an
operating system 623, an application program 625, data 627, or the like. Specific devices
may utilize all of the components shown in FIG. 6, or only a subset of the components, and
levels of integration may vary from device to device. Further, specific devices may contain
multiple instances of a component, such as multiple processors, memories, transceivers,
transmitters, receivers, etc. For instance, a computing device may be configured to include

a processor and a memory.

In FIG. 6, the processor 601 may be configured to process computer instructions and
data. The processor 601 may be configured as 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 discrete logic,
FPGA, ASIC, etc.); programmable logic together with appropriate firmware; one or more
stored-program, general-purpose processors, such as a microprocessor or Digital Signal
Processor (DSP), together with appropriate software; or any combination of the above. For
example, the processor 601 may include two computer processors. In one definition, data is
information in a form suitable for use by a computer. It is important to note that a person
having ordinary skill in the art will recognize that the subject matter of this disclosure may be

implemented using various operating systems or combinations of operating systems.

In the current embodiment, the input/output interface 605 may be configured to
provide a communication interface to an input device, output device, or input and output
device. The wireless device 600 may be configured to use an output device via the
input/output interface 605. A person of ordinary skill will recognize that 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 the wireless device 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. The wireless
device 600 may be configured to use an input device via the input/output interface 605 to
allow a user to capture information into the wireless device 600. The input device may
include a mouse, a trackball, a directional pad, a trackpad, a presence-sensitive input
device, a display such as a presence-sensitive display, a scroll wheel, a digital camera, a

digital video camera, a web camera, a microphone, a sensor, a smartcard, and the like. The
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presence-sensitive input device may include a digital camera, a digital video camera, a web
camera, a microphone, a sensor, or the like to sense input from a user. The presence-
sensitive input device may be combined with the display to form a presence-sensitive
display. Further, the presence-sensitive input device may be coupled to the processor. The
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 camera, a microphone, and an optical sensor.

In FIG. 6, the RF interface 609 may be configured to provide a communication
interface to RF components such as a transmitter, a receiver, and an antenna. The network
connection interface 611 may be configured to provide a communication interface to a
network 643a. The network 643a may encompass wired and wireless communication
networks such as a local-area network (LAN), a wide-area network (WAN), a computer
network, a wireless network, a telecommunications network, another like network or any
combination thereof. For example, the network 643a may be a Wi-Fi network. The network
connection interface 611 may be configured to include a receiver and a transmitter interface
used to communicate with one or more other nodes over a communication network
according to one or more communication protocols known in the art or that may be
developed, such as Ethernet, TCP/IP, SONET, ATM, or the like. The 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 or firmware, or alternatively may

be implemented separately.

In this embodiment, the RAM 617 may be configured to interface via the bus 603 to
the processor 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. In one example, the wireless device 600 may include at least one hundred
and twenty-eight megabytes (128 Mbytes) of RAM. The ROM 619 may be configured to
provide computer instructions or data to the processor 601. For example, the ROM 619 may
be configured to be invariant low-level system code or data for basic system functions such
as basic input and output (1/0), startup, or reception of keystrokes from a keyboard that are
stored in a non-volatile memory. The storage medium 621 may be configured to include
memory such as RAM, ROM, programmable read-only memory (PROM), erasable
programmable read-only memory (EPROM), electrically erasable programmable read-only
memory (EEPROM), magnetic disks, optical disks, floppy disks, hard disks, removable

cartridges, flash drives. In one example, the storage medium 621 may be configured to
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include an operating system 623, an application program 625 such as a web browser

application, a widget or gadget engine or another application, and a data file 627.

In FIG. 6, the processor 601 may be configured to communicate with a network 643b
using the communication subsystem 631. The network 643a and the network 643b may be
the same network or networks or different network or networks. The communication
subsystem 631 may be configured to include one or more transceivers used to communicate
with the network 643b. For example, the communication subsystem 631 may be configured
to include one or more transceivers used to communicate with one or more remote
transceivers of another wireless device such as a base station of a radio access network
(RAN) according to one or more communication protocols known in the art or that may be
developed, such as IEEE 802.xx, CDMA, WCDMA, GSM, LTE, UTRAN, WiMax, NB-IoT, 5G
NR, or the like.

In another example, the communication subsystem 631 may be configured to include
one or more transceivers used to communicate with one or more remote transceivers of
another wireless device such as user equipment according to one or more communication
protocols known in the art or that may be developed, such as IEEE 802.xx, CDMA, WCDMA,
GSM, LTE, UTRAN, WiMax, NB-loT, 5G NR, or the like. Each transceiver may include a
transmitter 633 or a receiver 635 to implement transmitter or receiver functionality,
respectively, appropriate to the RAN links (e.g., frequency allocations and the like). Further,
the transmitter 633 and the receiver 635 of each transceiver may share circuit components,

software or firmware, or alternatively may be implemented separately.

In the current embodiment, the communication functions of the 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
determine a location, another like communication function, or any combination thereof. For
example, the communication subsystem 631 may include cellular communication, Wi-Fi
communication, Bluetooth communication, and GPS communication. The network 643b
may encompass wired and wireless communication networks such as a local-area network
(LAN), a wide-area network (WAN), a computer network, a wireless network, a
telecommunications network, another like network or any combination thereof. For example,
the network 643b may be a cellular network, a Wi-Fi network, and a near-field network. The
power source 613 may be configured to provide an alternating current (AC) or direct current

(DC) power to components of the wireless device 600.
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In FIG. 6, the storage medium 621 may be configured to include a number of
physical drive units, such as a redundant array of independent disks (RAID), a floppy disk
drive, a flash memory, a USB flash drive, an external hard disk drive, thumb drive, pen drive,
key drive, a high-density digital versatile disc (HD-DVD) optical disc drive, an internal hard
disk drive, a Blu-Ray optical disc drive, a holographic digital data storage (HDDS) optical
disc drive, an external mini-dual in-line memory module (DIMM) synchronous dynamic
random access memory (SDRAM), an external micro-DIMM SDRAM, a smartcard memory
such as a subscriber identity module or a removable user identity (SIM/RUIM) module, other
memory, or any combination thereof. The storage medium 621 may allow the wireless
device 600 to access computer-executable instructions, application programs or the like,
stored on 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 computer-readable medium.

The functionality of the methods described herein may be implemented in one of the
components of the wireless device 600 or partitioned across multiple components of the
wireless device 600. Further, the functionality of the methods described herein may be
implemented in any combination of hardware, software, or firmware. In one example, the
communication subsystem 631 may be configured to include any of the components
described herein. Further, the processor 601 may be configured to communicate with any of
such components over the bus 603. In another example, any of such components may be
represented by program instructions stored in memory that when executed by the processor
601 performs the corresponding functions described herein. In another example, the
functionality of any of such components may be partitioned between the processor 601 and
the communication subsystem 631. In another example, the non-computative-intensive
functions of any of such components may be implemented in software or firmware and the

computative-intensive functions may be implemented in hardware.

FIG. 7 illustrates another embodiment of method 700 by a wireless device for
performing power control of physical channels in accordance with various aspects as
described herein. In FIG. 7, the method 700 may start, for instance, at block 701, where it
includes receiving, from a network node, a value of at least one parameter for one or more
loops of the physical channels. At block 703, the method 700 may include determining
transmission powers for transmissions on the physical channels having different
transmission time interval lengths according to respective power control loops. Further, the
loops specify the transmission powers for the physical channels based on the at least one
parameter whose value is commonly updated or separately updated for the loops. At block

705, the method 700 may include initializing the value of the at least one parameter for one
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loop based on the value of the at least one parameter for another loop. At block 707, the
method 700 may include determining the value of the at least one parameter for one loop
based on the value of the at least one parameter for another loop. At block 709, the method
700 may include determining a weighted sum of the values of the at least one parameter for
the two or more loops. At block 711, the method 700 may include selecting one or more
values of the at least one parameter for the loops that corresponds to more recent
transmissions on the physical channels. At block 713, the method 700 may include selecting
one or more values of the at least one parameter for the loops based on the transmission
time interval lengths of the transmissions on the physical channels. At block 715, the
method 700 may include transmitting, by the wireless device, to the network node, on each
of the physical channels using the determined transmission power for the corresponding

power control loop.

FIG. 8 illustrates one embodiment of a network node 800 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
8, the network node 800 may include a receiver circuit 801, a determination circuit 803, a
transmitter circuit 805, the like, or any combination thereof. The determination circuit 803
may be configured to determine a value of at least one parameter based on one or more
received transmissions, from the wireless device, on each of the physical channels with each
transmission having a transmission power based on a previous value of the one or more
parameters according to the corresponding power control loop. Further, the power control
loops specify the transmission powers for the physical channels based on the at least one
parameter whose value is commonly updated or separately updated for the loops. The
transmitter circuit 805 is configured to transmit, to the wireless device, the value of the at
least one parameter that corresponds to the transmission powers for the transmissions by
the wireless device on the physical channels having the different transmission time interval
lengths according to respective power control loops. The receiver circuit 801 may be
configured to receive, by the network node, transmissions by the wireless device on each of
the physical channels with each transmission having a transmission power based on the one

or more parameters according to the corresponding power control loop.

FIG. 9 illustrates another embodiment of a network node 900 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
9, the network node 900 may include processing circuit(s) 901, communications circuit(s)
905, antenna(s) 907, the like, or any combination thereof. The communication circuit(s) 905
may be configured to transmit or receive information to or from one or more network nodes
or one or more wireless devices via any communication technology. This communication

may occur using the one or more antennas 907 that are either internal or external to the
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network node 900. The processing circuit(s) 901 may be configured to perform processing
as described herein (e.g., the method of FIG. 11) such as by executing program instructions
stored in memory 903. The processing circuit(s) 901 in this regard may implement certain

functional means, units, or modules.

FIG. 10 illustrates another embodiment of a network node 1000 for performing power
control of physical channels in accordance with various aspects as described herein. In FIG.
10, the network node 1000 may implement various functional means, units, or modules (e.g.,
via the processing circuit(s) 901 in FIG. 9 or via software code). These functional means,
units, or modules (e.g., for implementing the method of FIG. 11) may include a determining
module or unit 1001 for determining a value of at least one parameter based on one or more
received transmissions, from the wireless device, on each of the physical channels with each
transmission having a transmission power based on a previous value of the one or more
parameters according to the corresponding power control loop. Also, the power control
loops specify the transmission powers for the physical channels based on the at least one
parameter whose value is commonly updated or separately updated for the loops. Further,
these functional means, units, or modules include a transmitting module or unit 1003 for
transmitting, to the wireless device, the value of the at least one parameter that corresponds
to the transmission powers for the transmissions by the wireless device on the physical
channels having the different transmission time interval lengths according to respective
power control loops. In addition, these functional means, units, or modules may include a
receiving module or unit 1005 for receiving, from the wireless device, transmissions on each
of the physical channels with each transmission having a transmission power based on the

one or more parameters according to the corresponding power control loop.

FIG. 11 illustrates one embodiment of method 1100 performed by a network node for
performing power control of physical channels in accordance with various aspects as
described herein. In FIG. 11, the method 1100 may start, for instance, at block 1101 where
it may include determining a value of at least one parameter based on one or more received
transmissions, from the wireless device, on each of the physical channels with each
transmission having a transmission power based on a previous value of the one or more
parameters according to the corresponding power control loop. Further, the power control
loops specify the transmission powers for the physical channels based on the at least one
parameter whose value is commonly updated or separately updated for the loops. At block
1103, the method 1100 includes transmitting, to the wireless device, the value of the at least
one parameter that corresponds to the transmission powers for the transmissions by the
wireless device on the physical channels having the different transmission time interval

lengths according to respective power control loops. At block 1105, the method 1100 may

-31-



10

15

20

25

30

35

CA 03037985 2019-03-22

WO 2018/060170 PCT/EP2017/074316

include receiving, from the wireless device, transmissions on each of the physical channels
having the different transmission time interval lengths with each transmission having a
transmission power based on the one or more parameters according to the corresponding

power control loop.

For purposes of illustration and explanation only, embodiments of the present
disclosure may be described herein in the context of operating in or in association with a
RAN that communicates over radio communication channels with wireless devices, also
interchangeably referred to as mobile terminals, wireless terminals, UEs and the like, using a
particular radio access technology. More specifically, embodiments may be described in the
context of the development of specifications for NB-10T, particularly as it relates to the
development of specifications for NB-loT operation in spectrum or using equipment currently
used by E-UTRAN, sometimes referred to as the Evolved UMTS Terrestrial Radio Access
Network and widely known as the LTE system. However, it will be appreciated that the
techniques may be applied to other wireless networks, as well as to successors of the E-
UTRAN. Thus, references herein to signals using terminology from the 3GPP standards for
LTE should be understood to apply more generally to signals having similar characteristics
or purposes, in other networks. For example, a physical resource block (PRB) herein
comprises any physical or virtual transmission resource or group of such transmission
resources; that is, a physical resource block as used herein is not limited to a physical

resource block as defined in 3GPP standards.

A wireless device, as described herein, may be any type of wireless device capable
of communicating with a network node or another wireless device (such as a user
equipment, UE) over radio signals. In the context of the present disclosure, it should be
understood that a wireless device may refer to a machine-to-machine (M2M) device, a
machine-type communications (MTC) device, or an NB-loT device. The wireless device may
also be a UE, however it should be noted that the UE does not necessarily have a “user” in
the sense of an individual person owning or operating the device. A wireless device may
also be referred to as a radio device, a radio communication device, a wireless terminal, or
simply a terminal — unless the context indicates otherwise, the use of any of these terms is
intended to include device-to-device UEs or devices, machine-type devices or devices
capable of machine-to-machine communication, sensors equipped with a wireless device,
wireless-enabled table computers, mobile terminals, smart phones, laptop-embedded
equipped (LEE), laptop-mounted equipment (LME), USB dongles, wireless customer-
premises equipment (CPE), etc. In the discussion that follows, the terms machine-to-

machine (M2M) device, machine-type communication (MTC) device, wireless sensor, and
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sensor may also be used. It should be understood that these devices may be UEs, but are

generally configured to transmit or receive data without direct human interaction.

In an 10T scenario, a wireless device as described herein may be, or may be
comprised in, a machine or device that performs monitoring or measurements, and transmits
the results of such monitoring measurements to another device or a network. Particular
examples of such machines are power meters, industrial machinery, or home or personal
appliances, e.g. refrigerators, televisions, personal wearables such as watches etc. In other
scenarios, a wireless device as described herein may be comprised in a vehicle and may
perform monitoring or reporting of the vehicle’'s operational status or other functions

associated with the vehicle.

Power control for PUSCH for subframe / and serving cell ¢ is described as follows:

N 1010g10(ﬁCMAX,c(i)_ﬁPUCCH(i)),
Prysch,(?) = min , . . . NE
10log; o (M puscre (D)) + Po puscae (/) + (/) - PLe + Arp (1) + fo (D)

where:
Femaxc (1) is the maximum transmit power in linear scale,

Ppycen (1) is the power of simultaneously transmitted PUCCH in linear scale, is equal

to zero if no PUCCH is transmitted,

Mopyscn,c (1) is the number of resource blocks,

Po pusc, < (/) is the target of received power signaled to the UE over RRC,

a,(j)- PL, is the scaled downlink path loss estimate, with 0 < ¢, (;)<1 signaled to

the UE over RRC,
A (1) is an adjustment factor depending on number of coded bits,

/. () is the closed loop power control derived from what &, . Which is signaled to

the UE in the uplink grant, e.g. in the DCI

Two methods are typically used in LTE to calculate £, either an accumulation-based

or non-accumulation-based calculation. If a non-accumulation-based calculation is used,

/. (i) follows directly from the value of &,,4y that is indicated in the uplink grant, e.g. in the
DCI. If an accumulation-based calculation is used, 1. (i) is updated according to &y that

is indicated in the uplink grant and its previous value 7 (;—1) according to:
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Je(@)=fo(i—1)+Spyusen,c(( — Kpuscr)

where K, represents the delay between the uplink grant and the uplink data

transmission (transmission).

Power control for PUCCH formats 1/1a/1b/2/2a/2b/3 for subframe i and serving cell ¢

5 is described as follows:

. | B CMAX.c (@),
Bovcen (Z) = mm{ P ’

s e + PLe+ H0cor Mg M [+ A wucen(F)+ A (F1)+ ()
where:
Pryiax.. (1) is the maximum transmit power;
Py pucen 18 the target of received power;

10 PL_ is the downlink path loss estimate;

h(ncor-nparg-nsg) 18 @ PUCCH format dependent value that reflects cases with larger
payload;

MPUCCH,C(Z') is the number of resource blocks for PUCCH format 5, equals one for all
other formats;

15 Ag pucen (F) I8 @ relation in dB between PUCCH format F and PUCCH format 1a;

A (1) is an adjustment factor depending on number of coded bits;
Arnp(F") depends on the number of antenna ports configured for PUCCH; and

g(z') is the closed loop power control state and is updated using O,y Signaled in

the downlink assignment.

20 Further, power control for PUCCH formats 4/5 for subframe / and serving cell ¢ may

be described as follows:

PCMAX,c (l)9 }

P [)= min
roeet ( ) {R)PUCCH +PL +10 IOgIO(MPUCCH,c (i))+ ATF,c (i)+ AFfPUCCH (F) + g(i)

Systems and methods to support closed loop power control for sPUSCH in relation to
PUSCH are described below. In addition to using separate closed loop power control for
25 sPUSCH and PUSCH, systems and methods using a common closed loop power control for

both sPUSCH and PUSCH are described. These systems and methods are also applicable
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to sPUCCH and PUCCH. Advantages of the common closed loop power control include
faster power control regulation for sSPUSCH/PUSCH and sPUCCH/PUCCH with no

additional closed loop parameters required, resulting in less memory use.

In the following embodiments, the power control equation for sSPUSCH uses the

same or similar parameters as the power control equation for PUSCH. For example, both

sPUSCH and PUSCH use the outer loop component (f; ). Further, the concepts described
for sPUSCH/PUSCH are equally applicable for sPUCCH/PUCCH. For instance, the power

control equation for sPUCCH uses the same or similar parameters as the power control
equation for PUCCH. For example, both sPUCCH and PUCCH use the outer loop

component (£7).

In one embodiment, the closed loop power control parameter (fc(l')) calculated for a

one millisecond uplink TTI should be stored and updated separately from the fc(l)

calculated for a shorter TTI (sTTI) (e.g., the power control loops are separate). As such,

fc(l) for sTTI operation may, for example, be initialized to fc(l) for the TTI operation (e.g.,

before any TPC commands have been received).

In another embodiment, the closed loop power control parameter (fc(l')) is common
for both TTl and sTTI and the calculation offc(l') is a non-accumulation-based calculation
(e.g., the closed loop power control may be based on 5PUSCHZS from the TTI uplink grant or
5PUSCHIS from the sTTI uplink grant, e.g. in the DCI). Specifically, fc(l')for a given uplink
transmission is equal to the value of s,.5 Signaled in the corresponding uplink grant.

In another embodiment, the closed loop power control parameter (fc(l')) is common
for both TTl and sTTI and the calculation offc(l') is an accumulation-based calculation (e.g.,
the closed loop power control may be based on both the 5PUSCHZS from the TTI uplink grant
and the 5PUSCHZS from the sTTI uplink grant). This means that s,y is included in the
uplink grant of sSPUSCH of a given UE and affects the update of f.(?) for this UE. A Spusex

included in the uplink grant for PUSCH for the same UE affects the same parameter £, (7).
For instance, it may be a weighted sum of all &, Values, or the most current values may

override obsolete values. A solution would be to make sure that the most up-to-date
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knowledge about the radio environment is used. As illustrated in FIG. 11, a UE may not
apply the 6,5y Value indicated in the uplink grant sent in subframe i—KPUSCE fora PUSCH
transmission in subframe 7if accumulation-based calculation of fc(l) is used and if the UE
received one or more uplink grants for sPUSCH and carried out these sPUSCH
transmissions between subframe l'—KPUSCE and subframe 1. Specifically, as shown in FIG.
12, uplink sTTls are scheduled and closed loop power control (1‘;(1')) is updated before the
one millisecond uplink transmission is performed.

Furthermore, in the example of FIG. 12, it is assumed that if accumulation is
activated, fc(l) is used for the uplink transmission in the one millisecond TTI or the short TTI
is updated according to the value of &,y received in the uplink grant corresponding to this

uplink transmission and its previous value f;(l'—l) according to

£(1)=£(1-1)+ S pygm. (1 - K). Note that £,(7—1) refers to the value of the outer loop

parameterf; used in the previous uplink data transmission, which may be in a one

millisecond TTI or a short TTI. The parameter K represents the delay between the uplink

grant and the uplink data transmission (transmission). If the data transmission corresponds
to a one millisecond TTI, then K= Km. If the data transmission corresponds to a short

TTI, then K = -KSP[]SCH. Note that the delay between the uplink grant and the

corresponding uplink data transmission is larger for PUSCH than for sPUSCH (i.e.,
Krvserr > B posenr)-

In another embodiment, the number of TTls are not limited to two. Instead, any
number of TTls are used with each TTI being separately controlled, jointly controlled with

individual closed loops, commonly controlled, the like, or any combination thereof.

With the accumulation-based method, fc(l) becomes dependent on its value in the
previous uplink data transmission f;(l'—l). Hence, the calculation of fc(l) for a one

millisecond uplink TTI that follows immediately an uplink sTTI may be based on the f;value

used for this uplink sTTI and vice-versa. Therefore, situations like the one depicted in FIG.
12 may happen where uplink grants for one or more uplink sTTls are sent after the uplink
grant for a one millisecond TTI. Since the delay between the uplink grant for uplink sTTIl and

the uplink sTTI transmission is shorter than the one between the uplink grant for one
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millisecond TTI and the one millisecond uplink TTI transmission, the value for &,yscy

indicated in the uplink grant of one millisecond TTI| becomes obsolete. Consider an initial

value f; the command in the uplink grant for one millisecond TTI sentin TTI i—KPUSCL

init »
intends to achieve an uplink power corrected by f;mw +3dBfor the uplink data

transmission occurring in TTl 7. Between TTI l'—KPUSCEand TTI 1, several uplink sTTI are

scheduled and 6,5y is signaled in the uplink grant for sTTI as well. In the example, the first

uplink sTTI transmission applies a closed loop component of £ . . +3dB. The eNB then

c,nit
observes that the correction of +3dB was not accurate enough and sends a further
correction in the uplink grant for the second uplink sTTI. The closed loop component for the

second uplink sTTl is corrected to f;m +3dB—-1dB. In the example, if the UE blindly

follows the &,,5c S€Nt N the uplink grant of the one millisecond TTI, the closed loop

component would reach f;mw +3dB-1dB+3dB. Instead, it appears more reasonable

that the UE ignores the old &, Sent in the uplink grant of one millisecond TTI which is
now obsolete since 6,,4;; cOMmands were received in uplink short TTI grants afterwards

and they were used before the uplink grant of one millisecond TTIl became valid. During the

large delay KPUSCH, the closed loop power parameter converged to a more accurate value

than its state at time {—Kp gc;where 6,5 Was included in the uplink grant for the one
millisecond TTI. Thus, the &,y included in the uplink grant for the one millisecond TTI

should not be applied in that case.

In another embodiment, this same approach may be used between operation of
reduced processing time and legacy processing time. If a single UE may operate with both
the one millisecond TTI and sTTI on the same carrier at the same time. In such a case, the
reduced processing time would correspond to the sTTI operation above and the legacy
processing time would correspond to the one millisecond TTI above even if in the example
both transmission durations may be around one millisecond (excluding potential SRS

transmission or PUSCH transmission in UpPTS).

In another embodiment, the techniques described herein may be applied for a
transmission duration based on a two-symbol sTTI, four-symbol sTTI, and one-slot sTTI for

sPUCCH/sPUSCH, where down-selection is not precluded.
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In another embodiment, the techniques described herein may be applied for an LTE
frame structure type 2, which specifies support for a transmission duration based on a one-
slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH.

A power control methodology for sPUSCH and sPUCCH for sTTl is described below.

5  Power control for PUSCH for subframe 1 and serving cell Cis defined as follows:

N 1010g10(13cMAX,c(i) - ﬁPUCCH(i)),
Ppyscre(f) = min . . . . .
10log;o(Mpuscie (1)) + Fo puscre(U) +c(j) - PLe + Ap e (i) + f(7)
where:
ISCMAX,C (l)

is the maximum transmit power in linear scale;

Peucen () s the power of simultaneously transmitted PUCCH in linear scale, is equal
10  to zeroif no PUCCH is transmitted;

M i .
pUsCH,e () is the number of resource blocks:

Fo puscr e () i the target of received power signaled to the UE over RRC;

a.(j)-PL 0<a,(j)<I

< is the scaled downlink path loss estimate, with
the UE over RRC;

signaled to

15 Aro(0) is an adjustment factor depending on number of coded bits; and

fc(l) is the closed loop power control derived from what is signaled to the UE in the

uplink grant.

Assuming a fixed allocated bandwidth for all TTI lengths and that the transport block
size (TBS) is scaled linearly with the TTI length, a comparison of performance between
20 PUSCH and sPUSCH indicates that 10% block error rate (BLER) is achieved at a similar
signal-to-noise ratio (SNR) for sPUSCH and PUSCH. This means that using the same
target received power level for sPUSCH as for PUSCH leads to similar sPUSCH and
PUSCH performance.

Accordingly, PUSCH and sPUSCH have the same or similar performance assuming
25  afixed allocated bandwidth and a linearly scaled TBS with the TTI length. As a

consequence, sSPUSCH may be power controlled in the same way as PUSCH. The following

equation shows how the power control for sPUSCH transmission in short TTI 1 would look

like if a UE is not power limited. The power control parameters configured over RRC for
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PUSCH may be reused for sPUSCH. This means that the parameters £, pyscn, (/) and

a, (]) configured over RRC for PUSCH transmission are applied in the power control

equation for sPUSCH according to:
PsPUSCH,c (Z) = 1010g10 (MsPUSCH,c (Z)) + POfPUSCH,c (]) ta, (]) ) PLC + ATF,c (Z) + fc (Z) .

Accordingly, sPUSCH should be power controlled in the same way as PUSCH, with

the same parameters configured over RRC.

Regarding the closed loop parameter (f;) that is calculated based on TPC
information &, contained in the uplink grant for one millisecond TTI, there may be a

benefit to signal it in each uplink grant for sTTI so as to be able to faster correct the UE

power and converge to the appropriate value. As such, TPC information used to update the

closed loop component of the uplink power control (f;) is included in the uplink grant of

uplink sTTI.

Two methods exist today to calculate f;: accumulation activated or not activated. If

accumulation is not activated, fc(l) follows directly the value of &,y indicated in the uplink

grant. This method may be easily extended for the case of sTTI. If accumulation is

activated, fc(l')is updated according t0 8,5y in the uplink grant and its previous value

f;(l'—l) according to:
f, (1) =1, (1. _1) + 5PUSCH,C (1. - KPUSCH) .

KPUSCH represents the delay between the uplink grant and the uplink data
transmission (transmission). With &5y included in the uplink grant for sTTI, the

accumulation happens more frequently than on a millisecond basis. Thus, the UE power

converges faster to the intended value, which is beneficial.

Short TTI UEs may be scheduled dynamically with a subframe to subframe

granularity with PUSCH and/or sPUSCH. Since the accumulation-based method makes

fc(l')dependent of its previous value f;(l'—l), it should be considered whether the
calculation of fc(l) for a one millisecond uplink TTI that follows immediately a uplink sTTI

should be based on the f; value used for this uplink sTTI and vice-versa. In other words, a

-39-



10

15

20

25

CA 03037985 2019-03-22

WO 2018/060170 PCT/EP2017/074316

one millisecond uplink TTI and uplink sTTI may share the same parameter for the closed

loop correction f; .

Separate closed loop correction between different TTI lengths is an alternative.
However, if the uplink power control equation of PUSCH is reused for sPUSCH with the

same RRC configured parameters, there is no reason to have separate closed loop

components f; one valid for one millisecond TTI and another valid for short TTI. In fact,
with a common closed loop component f; for both one millisecond uplink TTIl and uplink

sTTI, the power used for one millisecond TTI may benefit from the faster convergence of f;

to the most appropriate value due to uplink sTTI usage.

Accordingly, a shared closed loop component f; is used for uplink power control of

one millisecond TTl and sTTIl. However, situations like the one depicted in FIG. 12 may
happen where uplink grants for one or more uplink sTTls are sent after the uplink grant for a
one millisecond TTI. Since the delay between the uplink grant for uplink sTTIl and the uplink
sTTI transmission is shorter than the one between the uplink grant for one millisecond TTI

and the one millisecond uplink TTI transmission, the value for &, indicated in the uplink

grant of one millisecond TTIl becomes obsolete.

Consider the example in FIG. 12 with an initial value f;l,m the command in the

uplink grant for one millisecond TTI intends to achieve an uplink power corrected by

£

c,nit

+3dB. In the meantime, uplink sTTls are scheduled and Spuscn 1S Signaled in the
uplink grant for sTTI as well. In this example, the first uplink sTTI transmission applies a
closed loop component of f;mw +3dB. The eNB then observes that the correction of +3dB
was not accurate enough and sends a further correction in the uplink grant for the second

uplink sTTI. The closed loop component for the second uplink sTTI is corrected to

£

e, Init

+3dB-1dB. In this example, if the UE follows the sy S€Nt in the uplink grant of

the one millisecond TTI, the closed loop component would reach £, ., +3dB—~1dB+3dB.

Instead, it appears more reasonable that the UE ignores the old &, S€Nt in the uplink

grant of one millisecond TTI if &,,5c; COMmMands were received in uplink short TTI grants

afterwards and if the calculation of fc(l) is accumulation-based.

-40 -



CA 03037985 2019-03-22

WO 2018/060170 PCT/EP2017/074316

Accordingly, if the calculation of fc(l) is accumulation-based, the UE ignores a
Spuscn Sent in the uplink grant of one millisecond TTI if §,,4;; COMmMands were received in
uplink short TTI grants afterwards.
Note that while the power control mechanism for PUSCH and sPUSCH are proposed
5 to be the same, they both are indirectly affected by the introduction of sSPUCCH power
control since the meaning of PPUCCH (1) will change or a new parameter EPUCCH (1) needs
to be introduced with similar mechanism.
Power control for PUCCH formats 1/1a/1b/2/2a/2b/3 for subframe 1 and serving cell

Cis described as follows:

P () min PCMAX,c (Z)’
)= .
0 PUCCH By pueen +PL, + h(nCQ] M harg, Mlsr )+ Ap pucen (F)+ A (F')+ g(l) ,
where:
P .
ewaxe () is the maximum transmit power;
Fovuccn g the target of received power;
PL, is the downlink path loss estimate;
15 hncorsniarg - "sR) s 4 PUCCH format dependent value that reflects cases with larger
payload;
M :
PUCCH’C(Z) is the number of resource blocks for PUCCH format 5, equals one for all
other formats;
Arrucen () g 3 relation in dB between PUCCH format F and PUCCH format 1a;
A ] : i
20 7. (7) is an adjustment factor depending on number of coded bits;

Agep (F7) depends on the number of antenna ports configured for PUCCH; and

g(i) is the closed loop power control state and is updated using Opucen signaled in
the downlink assignment.

Power control for PUCCH formats 4/5 for subframe 1 and serving cell Cis described

25 as follows:
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Pucli=min] ) |

P()fPUCCH + PLc +10 logIO(MPUCCH,c (i))+ ATF,c (i)+ AFJ’UCCH (F)+ g(i) )

There may be at least one format of sSPUCCH defined for each supported uplink TTI
length. The uplink TTI lengths may be any number of symbols. For instance, the uplink TTI
lengths may be two, four, and seven SC-FDMA symbols. Independent of the selected
sPUCCH format(s), a larger SNR may be required for sPUCCH compared to PUCCH in
order to reach similar performance in terms of ACK missed detection probability, NACK-to-
ACK error probability, DTX-to-ACK probability, and the like. The shorter sPUCCH is relative
to PUCCH, the larger the performance gap between sPUCCH and PUCCH. So, the

sPUCCH power control needs to address this performance gap for UEs that are not power-

limited. The closed loop state (£(Z)) for PUCCH is derived from the TPC information
5[{/@@ signaled in the downlink assignment for one millisecond TTI. For fast closed loop

power control of sSPUCCH, it would be convenient to also signal 5[{/@@ for sPUCCH in the
downlink assignment for sTTI, e.g. in the DCI. A way to capture the performance difference
in AF_PUCCH(F) that is signaled from higher layers. However, since the performance

difference is not only format-dependent but also TTI length dependent, a complementary
parameter may be needed. In the following, several options for sPUCCH power control are

considered.

In one embodiment, AF_PUCCH(F) is defined for the different formats and TTI lengths

of sPUCCH. If the new sPUCCH formats are defined as standalone formats and added to
the current list of PUCCH formats existing today, then this is the straight forward approach to
describe the desired power of sSPUCCH. The different TTI lengths of the sPUCCHs may

then simply be considered as part of the format. A new AF_PUCCH(F) would then be defined
for each new format (e.g., for each new variant of selected legacy format types and TTI
length).

In another embodiment, AF_PUCCH(F) is defined for the different formats of sSPUCCH.

A new parameter depending on the TTI length is introduced and added to the other
parameters in the power control formulas. If the new sPUCCH formats are defined as based

on the legacy formats, but with different TTI lengths, or if more transparency is desired, then
this is a logical way forward. A new AF_PUCCH(F) would then be defined for each new

format (e.g., for each new variant of selected legacy format types). Additionally, a new
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parameter A, (TT[—]engtb) would need to be defined for each possible TTI length.

Note that this requires that a TTI length change affects the required power for all formats

equally.
In another embodiment, AF_PUCCH(F) is defined for the different formats of sSPUCCH.

New target received powers B) puccn are defined for different TTI lengths. The new

sPUCCH formats will have different target received powers than the current PUCCH

formats, mostly because of the different TTI lengths. This may be captured in new }% PUCCH

for the new sPUCCH formats. If the sPUCCH formats are defined in such a way that the
target received power differs much from the target received power used today this is an

alternative. Note that this would most likely still result in the need to define the same amount

of new Ap pyeen (F ) :

Additionally, b(nCQ[,nMRQ,nSR) and Amc(i) needs to be defined for new formats
and TTI lengths.

The reference format for sPUCCH is proposed to be PUCCH format 1a. Some other

reference format may be selected, but that would only make things more complicated.

For power prioritization within each different sTTI length, the same prioritization as for
one millisecond TTI should be re-used. Accordingly, the power prioritization within each

different sTTI length may be the same as for one millisecond TTI.

Since sTTl is used to reduce latency, it is also possible to prioritize sTTI over one
millisecond TTI since that will to the furthest extent make sure that latency critical sTTI
transmissions are carried out as soon as possible. Accordingly, with respect to power, sTTI

may be prioritized over one millisecond TTI.

Prioritizing sTTI transmissions over one millisecond TTI transmissions may
potentially ruin the one millisecond TTI transmission if the sTTI transmission is scheduled in
the same subframe as the one millisecond TTI transmission and the UE is power limited.
Because of this, if the UE is power limited it may not use multiple carriers together with sTTI.

Accordingly, power limited UEs may not use multiple carriers together with sTTI.

In LTE, there are two different types of power headroom reports defined. Type 1
assumes PUSCH only transmission and type 2 assumes PUSCH and PUCCH transmission.

The power headroom is in both cases defined per subframe and carrier as:

Power Headroom = Maximum allowed power — Estimated desired power
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The Maximum allowed power is the configured maximum power. The Estimated
desired power is the ideal power to use for the current modulation, coding scheme, channel,
or the like, assuming no restrictions in transmit power. As per definition, the power
headroom may become negative if the UE is power limited. The power headroom report is

transmitted by the UE together with the message, the report is triggered in the uplink grant.

The current definition of power headroom applies also to sTTI using the estimated
desired power. Accordingly, the power headroom for sTTI may be calculated using the
same principle as for one millisecond TTI using the desired power for the sTTI transmission.
Further, the power headroom report if transmitted in sTTI may be based on sTTI

transmission of that specific sTTI length.

As the ON/OFF periods in uplink will be shorter due to the shorter uplink TTI lengths,
the ON/OFF and OFF/ON transient periods will be noticeable. These transient periods are
defined to each be below 20 usec., 2% of the subframe length. In practice due to the 20
psec. ON/OFF transient period, the SC-FDMA symbols preceding and following an uplink
transmission may not be usable for data transmission, see FIG. 13. With two symbols TTI
length (i.e., 1/7 of the original length), each 20 us period is now about 14% of the TTI length.
As implementations typically perform significantly better than the 20 ps requirement, the
ON/OFF time masks should be tightened to improve the short TTI transmission.

Accordingly, absolute ON/OFF time masks may be tightened for short TTI lengths.

ABBREVIATIONS:
Abbreviation Explanation
BLER Block Error Rate
CP Cyclic Prefix
DCI Downlink Control Information
DL Downlink
DTX Discontinuous Transmission
ePDCCH enhanced Physical Downlink Control Channel
HTTP Hypertext Transfer Protocol
LTE Long Term Evolution
MAC Medium Access Control
MCS Modulation and Coding Scheme
OFDM Orthogonal Frequency Division Multiple Access
RAT Radio Access Technology
PDCCH Physical Downlink Control Channel
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PDSCH
PUCCH
PUSCH
PRB
PUSCH
RAT

RB

RE

RRC
SC-FDMA
sPDCCH
sPDSCH
sPUCCH
sPUSCH
sTTI

SF

TCP

TTI

UE

UL

sTTI

CA 03037985 2019-03-22
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Physical Downlink Shared Channel
Physical Uplink Control Channel
Physical Uplink Shared Channel
Physical Resource Block

Physical Uplink Shared Channel

Radio Access Technology

Resource Block

Resource Element

Radio Resource Control

Single Carrier- Frequency Division Multiple Access
short Physical Downlink Control Channel
short Physical Downlink Shared Channel
short Physical Uplink Control Channel
short Physical Uplink Shared Channel
short Transmission Time Interval
SubFrame

Transmission Control Protocol
Transmission Time Interval

User Equipment

Uplink

short Transmission Time Interval

The previous detailed description is merely illustrative in nature and is not intended to

limit the present disclosure, or the application and uses of the present disclosure.

Furthermore, there is no intention to be bound by any expressed or implied theory presented

in the preceding field of use, background, summary, or detailed description. The present

disclosure provides various examples, embodiments and the like, which may be described

herein in terms of functional or logical block elements. The various aspects described herein

are presented as methods, devices (or apparatus), systems, or articles of manufacture that

may include a number of components, elements, members, modules, nodes, peripherals, or

the like. Further, these methods, devices, systems, or articles of manufacture may include

or not include additional components, elements, members, modules, nodes, peripherals, or

the like.

Furthermore, the various aspects described herein may be implemented using

standard programming or engineering techniques to produce software, firmware, hardware

(e.g., circuits), or any combination thereof to control a computing device to implement the

disclosed subject matter. It will be appreciated that some embodiments may be comprised
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of one or more generic or specialized processors such as microprocessors, digital signal
processors, customized processors and field programmable gate arrays (FPGAs) and
unique stored program instructions (including both software and firmware) that control the
one or more processors to implement, in conjunction with certain non-processor circuits,
some, most, or all of the functions of the methods, devices and systems described herein.
Alternatively, some or all functions could be implemented by a state machine that has no
stored program instructions, or in one or more application specific integrated circuits
(ASICs), in which each function or some combinations of certain of the functions are
implemented as custom logic circuits. Of course, a combination of the two approaches may
be used. Further, itis expected that one of ordinary skill, notwithstanding possibly significant
effort and many design choices motivated by, for example, available time, current
technology, and economic considerations, when guided by the concepts and principles
disclosed herein will be readily capable of generating such software instructions and

programs and ICs with minimal experimentation.

The term “article of manufacture” as used herein is intended to encompass a
computer program accessible from any computing device, carrier, or media. For example, a
computer-readable medium may include: a magnetic storage device such as a hard disk, a
floppy disk or a magnetic strip; an optical disk such as a compact disk (CD) or digital
versatile disk (DVD); a smart card; and a flash memory device such as a card, stick or key
drive. Additionally, it should be appreciated that a carrier wave may be employed to carry
computer-readable electronic data including those used in transmitting and receiving
electronic data such as electronic mail (e-mail) or in accessing a computer network such as
the Internet or a local area network (LAN). Of course, a person of ordinary skill in the art will
recognize many modifications may be made to this configuration without departing from the

scope or spirit of the subject matter of this disclosure.

Throughout the specification and the embodiments, the following terms take at least
the meanings explicitly associated herein, unless the context clearly dictates otherwise.
Relational terms such as “first” and “second," and the like may be used solely to distinguish
one entity or action from another entity or action without necessarily requiring or implying
any actual such relationship or order between such entities or actions. The term “or” is
intended to mean an inclusive “or” unless specified otherwise or clear from the context to be

LT3

directed to an exclusive form. Further, the terms “a,” “an,” and “the” are intended to mean

one or more unless specified otherwise or clear from the context to be directed to a singular

form. The term “include” and its various forms are intended to mean including but not limited

LT3 LT3 LT

to. References to “one embodiment,” “an embodiment,” “example embodiment,” “various

embodiments,” and other like terms indicate that the embodiments of the disclosed
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technology so described may include a particular function, feature, structure, or
characteristic, but not every embodiment necessarily includes the particular function, feature,
structure, or characteristic. Further, repeated use of the phrase “in one embodiment” does

not necessarily refer to the same embodiment, although it may. The terms “substantially,”

LT3 LT3

“‘essentially,” “approximately,” “about” or any other version thereof, are defined as being
close to as understood by one of ordinary skill in the art, and in one non-limiting embodiment
the term is defined to be within 10%, in another embodiment within 5%, in another
embodiment within 1% and in another embodiment within 0.5%. A device or structure that is
“configured” in a certain way is configured in at least that way, but may also be configured in

ways that are not listed.
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CLAIMS

1. A method, in a wireless device, for performing power control of physical channels in a
wireless communication system, the method comprising the wireless device:
determining transmission powers for transmissions on physical channels having different
transmission time interval lengths according to respective first and second power
control loops, wherein the loops use a common closed-loop power control parameter;
and
adjusting the common closed-loop power control parameter based on a first indication
associated with the first power control loop and a second indication associated with
the second power control loop.

2. The method of claim 1, further comprising the wireless device receiving the first and

second indications_from a network node.

3. The method of claim 1, further comprising the wireless device transmitting, to a network
node, on each of the physical channels using the determined transmission power for the
corresponding first or second power control loop.

4. The method of claim 1, wherein the physical channels having the different transmission
time interval lengths include a physical channel having a transmission time interval length of
one millisecond and a physical channel having a transmission time interval length of less

than one millisecond.

5. The method of claim 1, wherein the physical channels having the different transmission
time interval lengths include:

a physical uplink control channel (PUCCH) and a short PUCCH (sPUCCHY); and/or

a physical uplink shared channel (PUSCH) and a short PUSCH (sPUSCH).

6. The method of claim 1, wherein the common closed-loop power control parameter
includes a parameter for deriving a closed loop power control for transmission on a certain

physical channel on a subframe of a serving cell .
7. The method of claim 1, wherein the first and second indications are signaled in downlink

control information (DCI) over a physical downlink control channel and/or indicated in an
uplink grant.
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8. A wireless device for performing power control of physical channels in a wireless
communication system, the wireless device comprising:
processing circuitry;
memory containing instructions executable by the processing circuitry whereby the
wireless device is operative to:
determine transmission powers for transmissions on physical channels having
different transmission time interval lengths according to respective first and
second power control loops, wherein the loops use a common closed-loop
power control parameter; and
adjust the common closed-loop power control parameter based on a first
indication of a value associated with the first power control loop and a second

indication of a value associated with the second power control loop.

9. The wireless device of claim 8, wherein the physical channels having the different
transmission time interval lengths include a physical channel having a transmission time
interval length of one millisecond and a physical channel having a transmission time interval

length of less than one millisecond.

10. The wireless device of claim 8, wherein the first and second indications are received in a
downlink control information (DCI) over a physical downlink control channel and/or indicated
in an uplink grant.

11. A method, in a network node, for performing power control of physical channels in a
wireless communication system, comprising the network node:
transmitting, to a wireless device, a first indication associated with a first power control
loop controlling transmit power on a first physical channel having a first transmit time
interval (TTI); and
transmitting, to the wireless device, a second indication associated with a second power
control loop controlling transmit power on a second physical channel having a
second TTI that is different from the first TTI; and
wherein both the first and second indications adjust a common closed-loop power control

parameter used by the first and second power control loops.

12. The method of claim 11, further comprising:
receiving, by the network node, transmissions by the wireless device on each of the first
and second physical channels with each transmission having a transmission power

based on the adjusted common closed-loop power control parameter.
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13. The method of claim 11, further comprising:
determining the first and second indications based on one or more transmissions
received from the wireless device on each of the physical channels, with each
transmission having a transmission power based on a previous value of the common

closed-loop power control parameter.

14. The method of claim 11, wherein the first and second indications are associated with
deriving a closed loop power control for transmission on the first and/or second physical

channels on a subframe of a serving cell.

15. The method of claim 11, wherein one or both of the first and second indicators are
signaled in downlink control information (DCI) over a physical downlink control channel

and/or indicated in an uplink grant.

16. A network node for performing power control of physical channels in a wireless
communication system, the network node comprising:
processing circuitry; and
memory containing instructions executable by the processing circuitry whereby the
network node is operative to:
transmit, to a wireless device, a first indication associated with a first power control
loop controlling transmit power on a first physical channel having a first transmit
time interval (TTI); and
transmit, to the wireless device, a second indication associated with a second power
control loop controlling transmit power on a second physical channel having a
second TTI that is different from the first TTI; and
wherein both the first and second indications adjust a common closed-loop power
control parameter used by the first and second power control loops.

17. The network node of claim 16, wherein the instructions are such that the network node is
operative to determine transmission powers by update a value indicated by the one of the
first and second indications to equal a value indicated by the other of the first and second

indications.

18. The network node of claim 16, wherein first TTI has a length of one millisecond and a-the

second TTI has a length of less than one millisecond.

Date Regue/Date Received 2020-05-11
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