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FIGURE 5A

FIGURE 5B
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FIGURE 5C
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FIGURE 6A

FIGURE 6B




US RES0,278 E

Sheet 7 of 22

Jan. 21, 2025

U.S. Patent

L 34N9ld

SHIOMIBN
SSSIBIM

001



U.S. Patent Jan. 21, 2025 Sheet 8§ of 22 US RE50,278 E

< m >

1msTTi Slot#0 Slot#1

M+l o n+d2 n+3 ndd n4b

ST

FIGURE 8A

< i ol

1 ms TTI Slot#0 Slot#1

n n+l

sTT) 705 705

FIGURE 8B

m m+l

708 sTTI 708 708

&
A 4
&
v

ntl n+2 n+3 n+4 n+h

205 ST

FIGURE 8C



US RES0,278 E

Sheet 9 of 22

Jan. 21, 2025

U.S. Patent

88 auwi

6 44NOld

i

10

(sog) (s07) (sog)
GHLLLS ZHILLS OHILLS



U.S. Patent

110

Jan. 21, 2025 Sheet 10 of 22

US RES0,278 E

/\/ 240

Transceiver

2

UE
Processor

\/
\/
L/

FIGURE 10

210

220

230



U.S. Patent Jan. 21, 2025 Sheet 11 of 22 US RE50,278 E

300

L G

Obtain or determine (1) a first TT1 used for operating a first signal
between a first cell on a first carrier and the wireless device and
(2) a second TTI used for operating a second signal between a

second cell on a second carrier and the wireless device

302

304

Determine a maximum output power parameter based on the
determined values of the first TTl and the second TTI

306

Based on the determined maximum output power parameter,
transmit the first signal to a first cell and the second signal to the
second cell

End

FIGURE 11



US RES0,278 E

Sheet 12 of 22

Jan. 21, 2025

¢l 44N9l4
(L‘u) 111111 SO-2 (0'u) 1LL ‘111 SO-2
™\ /)
EN
~J m\

U.S. Patent

(UILL:ILLsw |



US RES0,278 E

Sheet 13 of 22

Jan. 21, 2025

U.S. Patent

€l 3dNold

LI

S

| 300 108 108 105 00 |

LI L L il

(L'U) 1LL ‘1LL SO-L

[\

N

(0'U) ILL ‘111 SO-2

A
LR RRE]

Sy 1

FEET T
L0
i

I 0 A

Y

(U)ILLILL sw |

C



vl 34N9Ol4

US RES0,278 E

T
IR

Sy |

w
nd
REERE

TM@ LLL LSO (0°U) ILL “ILL SO

Sheet 14 of 22

(') 1LL ‘111 Sb-¥ L mo.sv

Jan. 21, 2025

| A
L0 20 8 2t
NRRRER
L3 3 i3

(1°u)
, /]
\ \&
/
/

N\ L

U.S. Patent

A

(U)ILL:1LL sw |



US RES0,278 E

Sheet 15 of 22

Gl JdNOld
sy IBE
\\.//
(2°0) LLEVLLL SO-b (0'U) ILL{ILL SO
AM.CV ILL ¢ 1 SO-¥ :\“Cv IL n_._...m. SO

Jan. 21, 2025

0N
0
TTT
2
2 d

N O 0 e

VR VIRV

U.S. Patent

\4 ; v
ULl lLlsuw g



US RES0,278 E

Sheet 16 of 22

Jan. 21, 2025

U.S. Patent

91 F4NOIS

0G¢€

4! m 74U T+U

O#I0IS

j " [
j « L v.mmﬂ L vl,.“

S0 | 507 EE 111 502

ILLsW g



U.S. Patent Jan. 21, 2025 Sheet 17 of 22 US RE50,278 E

400

L G

Obtain a first time resource for transmitting a first signal to a first
cell on a first carrier

402

404

Obtain a second time resource for transmitting a second signal to
a second cell on a second carrier

406

Based on the first time resource and the second time resource,
determine the maximum output power

408

Based on the determined maximum output power, transmit the first
signal to the first cell and the second signal to the second cell

End

FIGURE 17



U.S. Patent Jan. 21, 2025

500

L

Sheet 18 of 22

US RES0,278 E

Obtaining
Module
510

Determining
Module

520

Transmitting
Module
530

FIGURE 18



U.S. Patent Jan. 21, 2025 Sheet 19 of 22 US RE50,278 E

115
550
Processor
Transceiver 520
910

Network
Interface

Memory 240

530

FIGURE 19



U.S. Patent Jan. 21, 2025 Sheet 20 of 22 US RE50,278 E

600

N G

Configuring a wireless device with (1) a first TT1 used for operating
a first signal between a first cell on a first carrier and the wireless
device and (2) a second TTI used for operating a second signal
between a second cell on a second carrier and the wireless device

602

604

Determine a maximum output power parameter based on the
determined values of the first TTIl and the second TTI

606

Receive (1) the first signal in a first cell based on the determined

maximum output power parameter and/or (2) the second signal in

the second cell based on the determined maximum output power
parameter

End

FIGURE 20



U.S. Patent Jan. 21, 2025 Sheet 21 of 22 US RE50,278 E

700

\\v Start
702

A4

Configure a wireless device with a first time resource for
transmitting a first signal to a first cell on a first carrier

\ 704

Configure the wireless device with a second time resource for
transmitting a second signal to a second cell on a second carrier

\ 706

Determine a maximum output power based on the first time
resource and the second time resource

708

Receive at least one of the first signal on the first cell or the
second signal on the second cell based on the maximum output
power

End

FIGURE 21



U.S. Patent Jan. 21, 2025

800

>

Sheet 22 of 22

US RES0,278 E

Configuring
Module
810

Determining
Module
820

Receiving
Module
830

FIGURE 22



US RES50,278 E

1

SYSTEMS AND METHODS TO DERIVE
CONFIGURED OUTPUT POWER WITH
DIFFERENT TTI

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

PRIORITY

[This nonprovisional application] This patent application
is for a broadening reissue of U.S. Pat. No. 10,893,491,
which is a U.S. National Stage Filing under 35 USC, § 371
of International Patent Application Serial No. PCT/EP2017/
078179 filed Nov. 3, 2017, and entitled “Systems And
Methods To Derive Configured Output Power With Differ-
ent TTI” which claims priority to U.S. Provisional Patent
Application No. 62/418,041 filed Nov. 4, 2016 and U.S.
Provisional Patent Application No. 62/475,984 filed Mar.
24,2017, all of which are hereby incorporated by reference
in their entirety.

TECHNICAL FIELD

The present disclosure relates, in general, to wireless
communications and, more particularly, systems and meth-
ods to derive configured output power with different trans-
mission time index (TTI) patterns for carrier aggregation.

BACKGROUND

LTE uses OFDM in the downlink and DFT-spread OFDM
in the uplink. In the time domain, LTE downlink transmis-
sions are organized into radio frames of 10 ms, each radio
frame consisting of ten equally-sized subframes of length
Tprame=1 ms. An example LTE time-domain structure is
illustrated in FIG. 1.

The resource allocation in LTE is typically described in
terms of resource blocks (RB). A resource block corresponds
to one slot (0.5 ms) in the time domain and 12 contiguous
subcarriers in the frequency domain. A pair of two adjacent
resource blocks in time direction (1.0 ms) may be known as
a resource block pair. This is also denoted as TTI (Trans-
mission Time Index).

Downlink transmissions are dynamically scheduled. For
example, in each subframe the base station transmits control
information about to which terminals data is transmitted and
upon which resource blocks the data is transmitted, in the
current downlink subframe. This control signaling is typi-
cally transmitted in the first 1, 2, 3 or 4 OFDM symbols in
each subframe aid the number n=1, 2, 3 or 4 is known as the
Control Format Indicator (CFI) indicated by the physical
CFI channel (PCFICH) transmitted in the first symbol of the
control region. The control region also contains physical
downlink control channels (PDCCH) and possibly also
physical HARQ indication channels (PHICH) carrying
ACK/NACK for the uplink transmission.

The downlink subframe also contains common reference
symbols (CRS), which are known to the receiver and used
for coherent demodulation of e.g. the control information. A
downlink system with CFI=3 OFDM symbols as control is
illustrated in FIG. 2. In a Rel-8 TTI, one such portion of the
DL transmission is termed as one TTL
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2

Uplink power control plays an important role in radio
resource management which has been adopted in most
modem communication systems. It balances the needs to
maintain the link quality against the needs to minimize
interference to other users of the system and to maximize the
battery life of the terminal.

In LTE, the objective of power control is to determine the
average power over a SC-FDMA symbol and it is applied for
both common channel and dedicated channel (PUCCH/
PUSCH/SRS). A combined open-loop and closed-loop
power control was adopted as formulated in Equation 1
disclosed below:

Open loop power control: The wireless device (UE)
calculates basic open-loop set-point based on the path-
loss estimate and eNodeB controlled semi-static base
level (P,) comprising a nominal power level common
for all UEs in the cell and a UE-specific offset;

Closed-loop power control: eNodeB updates the dynamic
adjustment relative to set-point; the wireless device
(UE) adjusts the transmit power upon the TPC com-
mands. It is also possible to connect the power control
to modulation and coding scheme used for the uplink
transmission.

Pyr = min[PCMAX, (Equation 1)

Po+a-PL +

open—loop set—point

closed —loop  MCS offset  pandwidth factor
adjustment

f) + Age(i) + AlogM ]

Uplink power control is used both on the PUSCH and on
PUCCH. The purpose is to ensure that the mobile terminal
transmits with sufficiently high but not too high power since
the latter would increase the interference to other users in the
network. In both cases, a parameterized open loop combined
with a closed loop mechanism is used. Roughly, the open
loop part is used to set a point of operation, around which the
closed loop component operates. Different parameters (tar-
gets and ‘partial compensation factors’) for user and control
plane are used.

In more detail, for PUSCH the mobile terminal sets the
output power according to the following equation:

PoyscucD=min{P,,, v 10 log,o(Mpyscp D)+
Po_puscrdHoPLAA D+ )}
where P,y is the maximum transmit power for the
mobile terminal, My, g (1) is the number resource blocks
assigned, Py, pyscnc(j) and o, control the target received
power, PL_. is the estimated pathloss, A;x.(i) is transport
format compensator and f (i) is the a UE specific offset or
‘closed loop correction’ (the function f, may represent either
absolute or accumulative offsets). The index ¢ numbers the
component carrier and is only of relevance for Carrier
Aggregation.

The closed loop power control can be operated in two
different modes either accumulated or absolute. Both modes
are based on TPC a command which is part of the downlink
control signaling. When absolute power control is used, the
closed loop correction function is reset every time a new
power control command is received. When accumulated
power control is used, the power control command is a delta
correction with regard to the previously accumulated closed
loop correction. The accumulated power control command
is defined as f.()=f.(G-1+0ppscr(—Kpyscr)> wWhere
Spusce i the TPC command received in Kpy g0y subframe

[dBm],
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before the current subframe i and f_(i-1) is the accumulated
power control value. The absolute power control has no
memory, i.e. F.()0puscai-Keusca)-

The PUCCH power control has in principle the same
configurable parameters with the exception that PUCCH
only has full pathloss compensation, i.e. does only cover the
case of a=1

Typically, configured transmitted power PCMAX is
defined in Section 6.2.5 of 3GPP TS 36.101 as written
below:

6.2.5 Configured transmitted power

The UE is allowed to set its configured maximum output
power Py, Tor serving cell ¢. The configured maximum
output power P,/ is set within the following bounds:

P enrax 1.02P carax <P carax e with

PCMAX,L,c:MIN{PEMAX,C‘ATc,caPPowerClass‘MAX
(MPR +A-MPR +AT; .P-MPR )}

P CMAX,H,CZMIN{PEMAX,mPPowerczass}

where

Pzrsax,. is the value given by IE P-Max for serving cell c,

defined in 3GPP TS 36.331;

Proverciass 18 the maximum UE power specified in Table
6.2.2-1 without taking into account the tolerance speci-
fied in the Table 6.2.2-1;

MPR_, and A-MPR_, for serving cell ¢ are specified in

subclause 6.2.3 and subclause 6.2.4, respectively;

ATz . is the additional tolerance for serving cell c as

specified in Table 6.2.5-2; AT,z =0 dB otherwise;

AT, _=1.5 dB when Note 2 in Table 6.2.2-1 applies;

AT =0 dB when Note 2 in Table 6.2.2-1 does not apply.

P-MPR_. is the allowed maximum output power reduction
for

a) ensuring compliance with applicable electromagnetic

energy absorption requirements and addressing
unwanted emissions/self-defence requirements in case
of simultaneous transmissions on multiple RAT(s) for
scenarios not in scope of 3GPP RAN specifications;

b) ensuring compliance with applicable electromagnetic

energy absorption requirements in case of proximity
detection is used to address such requirements that
require a lower maximum output power.

The UE shall apply P-MPR_, for serving cell ¢ only for the
above cases. For UE conducted conformance testing P-MPR
shall be 0 dB

NOTE 1:P-MPR_ was introduced in the P+ . equation

such that the UE can report to the eNB the available
maximum output transmit power. This information can
be used by the eNB for scheduling decisions.

NOTE 2: P-MPR_, may impact the maximum uplink

performance for the selected UL transmission path.

For each subframe, the P, , . for serving cell c is
evaluated per slot and given by the minimum value taken
over the transmission(s) within the slot; the minimum
Pearax 1o Over the two slots is then applied for the entire
subframe. P,,,,,,.,.z4ss shall not be exceeded by the UE during
any period of time.

The measured configured maximum output power
Pynsax, shall be within the following bounds:

Pangax 2. MAX{TLT(Pearax 1.0} =Punsae <
PCMAX,H,C"'T(PCMAX,H,C)
where T(Pyz4x,.) is defined by the tolerance table below
and applies t©0 Peypyx 7 - and Peyyy, 7., separately, while T,
is the absolute value of the lower tolerance in Table 6.2.2-1
for the applicable operating band.
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4
TABLE 6.2.5-1

P arax tolerance

Porax, o Tolerance T(Pcaray, o)
(dBm)

23 <Peagax, o = 33 2.0
21 = Peagax, o = 23 2.0
20 s Poyqy <21 2.5
19 = Peagay, » <20 35
18 = Pepgay, . < 19 4.0
13 = Pepgay, . < 18 5.0
8= Py <13 6.0
40 = Peprax, o <8 7.0

For the UE that supports inter-band carrier aggregation
configurations with uplink assigned to one E-UTRA band
the AT,5 . is defined for applicable bands in Table 6.2.5-2.

Packet data latency is one of the performance metrics that
vendors, operators and also end-users (via speed test appli-
cations) regularly measures. Latency measurements are
done in all phases of a radio access network system lifetime,
when verifying a new software release or system compo-
nent, when deploying a system and when the system is in
commercial operation.

Shorter latency than previous generations of 3GPP RATs
was one performance metric that guided the design of Long
Term Evolution (LTE). LTE is also now recognized by the
end-user to be a system that provides faster access to internet
and lower data latencies than previous generations of mobile
radio technologies.

Packet data latency is important not only for the perceived
responsiveness of the system; it is also a parameter that
indirectly influences the throughput of the system. HTTP/
TCP is the dominating application and transport layer pro-
tocol suite used on the interact today. According to HTTP
Archive (http://httparchive.org/trends.php) the typical size
of HTTP based transactions over the interact are in the range
of'a few 10’s of Kbyte up to 1 Mbyte. In this size 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 latency limited. Hence, improved latency
can rather easily be showed to improve the average through-
put, for this type of TCP based data transactions.

Radio resource efficiency could be positively impacted by
latency reductions. Lower packet data latency could increase
the number of transmissions possible within a certain delay
bound; hence higher Block Error Rate (BLER) targets could
be used for the data transmissions freeing up radio resources
potentially improving the capacity of the system.

One area to address when it comes to packet latency
reductions is the reduction of transport time of data and
control signaling, by addressing the length of a transmission
time interval (TTI). In LTE release 8, a TTI corresponds to
one subframe (SF) of length 1 millisecond. One such 1 ms
TTI is constructed by using 14 OFDM or SC-FDMA sym-
bols in the case of normal cyclic prefix and 12 OFDM or
SC-FDMA symbols in the case of extended cyclic prefix. In
LTE release 13, a study item is starting during 2015, with the
goal of specifying transmissions with shorter TTIs that are
much shorter than the LTE release 8 TTI. The shorter TTIs
can be decided to have any duration in time and comprise
resources on a number of OFDM or SC-FDMA symbols
within a 1 ms SF. As one example, the duration of the short
TTImay be 0.5 ms, i.e. seven OFDM or SC-FDMA symbols
for the case with normal cyclic prefix. As another example,
the duration of the short TTI may be 2 symbols.



US RE50,278 E

5

As shown in FIG. 2, the TTI length consists of 14 OFDM
symbols. In case of shortened TTI, the TTI length can be
reduced to 2-OFDM symbols, 4-OFDM symbols or
7-OFDM symbols. These are denoted as: 2-OS sTTI, 4-OS
sTTI, 7-O8S sTTI, respectively.

The shortened TTI can be used in different values in
different direction, such as DL and UL. For example: a DL
can use 2-OS sTTI, while UL can use 4-OS sTTI in the same
cell.

For different frame structures, such as FS1, FS2 and FS3,
the sTTI that is used could be different too. The time domain
structure in FIG. 1 relates to FS1, 2-0S, 4 OS and 7 OS TTI
are usable for FS1. For FS2 which is used for TDD, 7-OS
sTTI is one of the shortened TTI mode. FIG. 3 illustrates an
example 7-symbol sTTT structure supported for UL accord-
ing to agreements in R1-1611055. If a 4-symbol UL sTTT is
supported, the sTTI structure illustrated in FIG. 4 has been
adopted according to agreements in R1-1611055.

In the current specifications, the minimum UE transmit
max power P, ; . shall be evaluated per slot by the UE
every subframe. This makes sense as the minimum resource
unit is 1 RB, which corresponds to a 1 ms TTI value. With
the introduction of the shorten TTI feature, UE would be
scheduled on a smaller TTI basis. There is no rule for
estimating Pcmax when the UE is configured with shorter
TTL

Carrier aggregation is one of the ways of increasing the
per user throughput for users with good channel conditions
and with the capability of receiving and transmitting at
higher data rate. A user can be configured to in two or three
(or more) simultaneous bands in DL and/or in UL.

FIG. 5A illustrates a network node capable of running
different cells at the same time. Specifically, FIG. 5A
illustrates a network node running four different cells at the
same time. These cells are operated either in different bands
or they could also be operated in the same band. In Rel-8,
only one cell is used for communication between eNB and
UE.

However there may be CA cases based on different
number of CCs in downlink (DL) and/or uplink (UL). For
example, there may be a two-DL CA scenario (i.e., CA with
2 DL CCs and 1 UL CC). As compared to FIG. 5A, FIG. 5B
illustrates two of the cells being activated for one wireless
device, which is the initial version of DL carrier aggregation.
In this scenario, the wireless device is configured to receive
in 2 DL bands simultaneously while still using UL in only
one of the bands. The UL allocation in this case is arbitrary,
meaning that either of the bands can be used for UL
transmission.

In carrier aggregation terms, the cell where UL is allo-
cated for certain wireless device is the PCell (primary cell),
while the other aggregated cell is SCell (secondary cell).
PCell and SCell combinations are wireless device-specific.

Additionally, three DL bands may be allocated to any
wireless device 110. In this scenario, 3DL carrier aggrega-
tion is realized, as depicted in FIG. 5C. This scenario by may
considered “3DL CA,” where the CA includes 3DL CC and
1 or 2 UL CC. Similar to 2DL case, UL can be allocated to
any of the bands.

In another scenario depicted in FIG. 5D, UL carrier
aggregation may also be enabled for the wireless device.
This may be considered “2UL CA,” where the CA includes
2 UL CCS and 2 or 3 DL CCs. In this case, only 2UL and
2DL carrier aggregation is shown. In case of UL carrier
aggregation, PCell and SCell definitions are still UE spe-
cific.
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Depending on the carrier frequency, or depending on the
physical eNB deployment, the deployment of CA-enabled
system can be very different.

FIGS. 6A and 6B provide two examples of CA deploy-
ment. Specifically, FIG. 6A shows that F1 and F2 cells are
co-located and overlaid, but F2 has smaller coverage due to
larger path loss. Only F1 provides sufficient coverage and F2
is used to improve throughput. Mobility is performed based
on F1 coverage. This is a likely scenario when F1 and F2 are
of different bands, e.g., F1={800 MHz, 2 GHz} and F2={3.5
GHz}, etc. It is expected that aggregation is possible
between overlaid F1 and F2 cells. FIG. 6B illustrates a
different kind of deployment. In this case, F1 provides macro
coverage and on F2 Remote Radio Heads (RRHs) are used
to improve throughput at hot spots. Mobility is performed
based on F1 coverage. Likely scenario is when F1 and F2 are
of different bands, e.g., F1={800 MHz, 2 GHz}, and
F2={3.5 GHz}, etc. It is expected that F2 RRHs cells can be
aggregated with the underlying F1 macro cells.

In the current specifications, the minimum UE transmit
max power Pey.yv 7 - is evaluated per slot by the UE every
subframe. In some aspects, the final Pry. 5 7 . value will be
the minimum of the two slots inside the subframe. This
makes sense as the minimum resource unit is 1 RB, which
corresponds to a 1 ms TTI value. With the introduction of the
shortened TTI feature, UE would be scheduled on a smaller
TTI basis. There is no rule for estimating Pcmax when the
UE is configured with shorter TTI.

SUMMARY

To address the foregoing problems with existing solu-
tions, disclosed are systems and methods to derive config-
ured output power with different transmission time index
(TTI) patterns.

According to certain embodiments, a method by a wire-
less device is provided for determining a maximum output
power. The method includes obtaining, by the wireless
device, a first time resource for transmitting a first signal in
a first cell on a first carrier and a second time resource for
transmitting a second signal in a second cell on a second
carrier. Based on the first time resource and the second time
resource, the maximum output power is determined. The
first signal and the second signal are transmitted based on the
determined maximum output power.

According to certain embodiments, a wireless device is
provided for determining a maximum output power. The
wireless device includes a memory storing instructions and
a processor configured to execute the instructions to cause
the wireless device to obtain a first time resource for
transmitting a first signal in a first cell on a first carrier and
a second time resource for transmitting a second signal in a
second cell on a second carrier. Based on the first time
resource and the second time resource, the wireless device
determines the maximum output power is determined. Based
on the determined maximum output power, the wireless
device transmits the first signal in the first cell and the
second signal in the second cell.

According to certain embodiments, a method by a net-
work node is provided for determining a maximum output
power. The method includes configuring a wireless device
with a first time resource for transmitting a first signal in a
first cell on a first carrier and a second time resource for
transmitting a second signal in a second cell on a second
carrier. A maximum output power is determined based on the
first time resource and the second time resource. Based on
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the maximum output power, at least one of the first signal on
the first cell and the second signal on the second cell are
received.

According to certain embodiments, a network node for
determining it maximum output power is provided. The
network node includes a memory storing instructions and a
processor configured to execute the instructions to cause the
network node to configure a wireless device with a first time
resource for transmitting a first signal in a first cell on a first
carrier and a second time resource for transmitting a second
signal in a second cell on a second carrier. The network node
determines a maximum output power based on the first time
resource and the second time resource. Based on the maxi-
mum output power, the network node receives at least one
of the first signal on the first cell and the second signal on
the second cell.

Certain embodiments of the present disclosure may pro-
vide one or more technical advantages. For example, certain
embodiments may provide well defined wireless device
behavior with respect to configured transmitted power. As
another example, a technical advantage may be that the
wireless device behavior with respect to configured trans-
mitted power is well defined when different TTI patterns are
used in different carriers in CA operation. As still another
example, a technical advantage may be that the operation
related to the transmission of signals by the wireless device
configured with the same or different TTIs on different
serving cells in CA is enhanced.

Other advantages may be readily apparent to one having
skill in the art. Certain embodiments may have none, some,
or all of the recited advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the disclosed
embodiments and their features and advantages, reference is
now made to the following description, taken in conjunction
with the accompanying drawings, in which:

FIG. 1 illustrates an example LTE time-domain structure;

FIG. 2 illustrates an example downlink subframe;

FIG. 3 illustrates an example 7-symbol sTTI structure
supported for UL;

FIG. 4 illustrates an example, 4-symbol sill to be sup-
ported for UL;

FIGS. 5A-5D illustrate example carrier aggregation sce-
narios;

FIG. 6A-6B illustrate example carrier aggregation
deployment scenarios;

FIG. 7 illustrates an example network for deriving con-
figured output power with different TTI patterns for carrier
aggregation, according to certain embodiments;

FIGS. 8A-8C illustrate example TTI structures in carrier
aggregation;

FIG. 9 illustrates example scheduling involving uplink
and downlink;

FIG. 10 illustrates an example wireless device for deriv-
ing maximum output power, according to certain embodi-
ments;

FIG. 11 illustrates an example method by a wireless
device for deriving maximum output power, according to
certain embodiments;

FIG. 12 illustrates an example when 14-OS and 7-OS
TTIs are used in two cells which are involved in a carrier
aggregation combination, according to certain embodi-
ments;
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FIG. 13 illustrates example PCMAX definitions 14-OS
and 7-O8 TTIs are used in two cells which are involved in
a carrier aggregation combination, according to certain
embodiments;

FIG. 14 illustrates example PCMAX definitions when
4-0S and 14-OS TTI patterns are used in two cells which are
involved in a carrier aggregation combination, according to
certain embodiments;

FIG. 15 illustrates example PCMAX definitions when
14-0OS and 7-OS TTI patterns are used in a carrier aggre-
gation combination as compared to slot base from legacy
TTI pattern, according to certain embodiments;

FIG. 16 illustrates using different TTI lengths;

FIG. 17 illustrates another example method by a wireless
device for deriving maximum output power, according to
certain embodiments;

FIG. 18 illustrates an example virtual computing device
for deriving maximum output power, according to certain
embodiments;

FIG. 19 illustrates an example network node for deriving
maximum output power, according to certain embodiments;

FIG. 20 illustrates an example method by a network node
for deriving maximum output power, according to certain
embodiments;

FIG. 21 illustrates another example method by a network
node for deriving maximum output power, according to
certain embodiments; and

FIG. 22 illustrates another example virtual computing
device for deriving maximum output power, according to
certain embodiments.

DETAILED DESCRIPTION

Particular embodiments are described in FIGS. 1-22 of
the drawings, like numerals being used for like and corre-
sponding parts of the various drawings.

FIG. 7 is a block diagram illustrating an embodiment of
a network 100 for deriving maximum output power for
different time resources, according to certain embodiments.
In a particular embodiment, the with different time resources
may include different transmission time index (TTI) pat-
terns.

Network 100 includes one or more wireless devices
110A-C, which may be interchangeably referred to as wire-
less devices 110 or TTIs 110, and network nodes 115A-C,
which may be interchangeably referred to as network nodes
115 or eNodeBs 115. A wireless device 110 may commu-
nicate with network nodes 115 over a wireless interface. For
example, wireless device 110A may transmit wireless sig-
nals to one or more of network nodes 115, and/or receive
wireless signals from one or more of network nodes 115. The
wireless signals may contain voice traffic, data traffic, con-
trol signals, and/or any other suitable information. In some
embodiments, an area of wireless signal coverage associated
with a network node 115 may be referred to as a cell. In some
embodiments, wireless devices 110 may have D2D capabil-
ity. Thus, wireless devices 110 may be able to receive signals
from and/or transmit signals directly to another wireless
device 110. For example, wireless device 110A may be able
to receive signals from and for transmit signals to wireless
device 110B.

In certain embodiments, network nodes 115 may interface
with a radio network controller (not depicted in FIG. 7). The
radio network controller may control network nodes 115 and
may provide certain radio resource management functions,
mobility management functions, and/or other suitable func-
tions. In certain embodiments, the functions of the radio
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network controller may be included in network node 115.
The radio network controller may interface with a core
network node. In certain embodiments, the radio network
controller may interface with the core network node via an
interconnecting network. The interconnecting network may
refer to any interconnecting system capable of transmitting
audio, video, signals, data, messages, or any combination of
the preceding. The interconnecting network may include all
or a portion of a public switched telephone network (PSTN),
a public or private data network, a local area network
(LAN), a metropolitan area network (MAN), a wide area
network (WAN), a local, regional, or global communication
or computer network such as the Internet, a wireline or
wireless network, an enterprise intranet, or any other suit-
able communication link, including combinations thereof.
In some embodiments, the core network node may man-
age the establishment of communication sessions and vari-
ous other functionalities for wireless devices 110. Wireless
devices 110 may exchange certain signals with the core
network node using the non-access stratum layer. In non-
access stratum signaling, signals between wireless devices
110 and the core network node may be transparently passed
through the radio access network. In certain embodiments,
network nodes 115 may interface with one or more network
nodes over an internode interface. For example, network
nodes 115A and 115B may interface over an X2 interface.
As described above, example embodiments of network
100 may include one or more wireless devices 110, and one
or more different types of network nodes capable of com-
municating (directly or indirectly) with wireless devices
110. Wireless device 110 may refer to any type of wireless
device communicating with a node and/or with another
wireless device in a cellular or mobile communication
system. Examples of wireless device 110 include a mobile
phone, a smart phone, a PDA (Personal Digital Assistant), a
portable computer (e.g., laptop, tablet), a sensor, a modem,
a machine-type-communication (MTC) device machine-to-
machine (M2M) device, laptop embedded equipment (LEE),
laptop mounted equipment (LME), USB dongles, a D2D
capable device, or another device that can provide wireless
communication. A wireless device 110 may also be referred
to as UE, a station (STA), a device, or a terminal in some
embodiments. Also, in some embodiments, generic termi-
nology, “radio network node” (or simply “network node™) is
used. It can be any kind of network node, which may
comprise a Node B, base station (BS), multi-standard radio
(MSR) radio node such as MSR BS, eNode B, network
controller, radio network controller (RNC), base station
controller (BSC), relay donor node controlling relay, base
transceiver station (BTS), access point (AP), transmission
points, transmission nodes, RRU, RRH, nodes in distributed
antenna system (DAS), core network node (e.g. MSC, MME
etc.), O&M, OSS, SON, positioning node (e.g. E-SMLC),
MDT, or any suitable network node. Example embodiments
of wireless devices 110 and network nodes 115 are described
in more detail with respect to FIGS. 10 and 17, respectively.
Although FIG. 7 illustrates a particular arrangement of
network 100, the present disclosure contemplates that the
various embodiments described herein may be applied to a
variety of networks having any suitable configuration. For
example, network 100 may include any suitable number of
wireless devices 110 and network nodes 115, as well as any
additional elements suitable to support communication
between wireless devices or between a wireless device and
another communication device (such as a landline tele-
phone). Furthermore, although certain embodiments may be
described as implemented in a long term evolution (LTE)
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network, the embodiments may be implemented in any
appropriate type of telecommunication system supporting
any suitable communication standards and using any suit-
able components, and are applicable to any radio access
technology (RAT) or multi-RAT systems in which the wire-
less device receives and/or transmits signals (e.g., data). For
example, the various embodiments described herein may be
applicable to LTE, LTE-Advanced, LTE-U, UMTS, HSPA,
GSM, cdma2000, WiMax, WiFi, another suitable radio
access technology, or any suitable combination of one or
more radio access technologies. Although certain embodi-
ments may be described in the context of wireless transmis-
sions in the downlink, the present disclosure contemplates
that the various embodiments are equally applicable in the
uplink and vice versa. Likewise, the techniques for deriving
configured output power with different TTI patterns
described herein are applicable to both. LAA LTE and
standalone LTE operation in license-exempt channels and
are generally applicable for transmissions from both net-
work nodes 115 and wireless devices 110.

As described herein, the terms first node and a second
node may be used to refer to two nodes which are either
transmitting or receiving in unlicensed spectrum (or a shared
spectrum where more than one system operates based on
some kind of sharing regulations). Any of the above men-
tioned nodes may be referred to as “the first node” and/or
“the second node.”

A component carrier (CC) also interchangeably called as
carrier, PCC or SCC is configured at the wireless device by
the network node using higher layer signaling. For example,
a CC may be configured by sending a RRC configuration
message to the wireless device. The configured CC may be
used by the network node for serving the wireless device on
the serving cell (e.g. on PCell, SCell etc) of the configured
CC. The configured CC is also used by the wireless device
for performing one or more radio measurements (e.g. RSRP,
RSRQ etc) on the cells operating on the CC e.g. PCell, SCell
or PSCell and neighboring cells.

The term fallback mode refers herein to a carrier aggre-
gation (CA) configuration which contains fewer CCs than
the maximum number of CCs in a CA combination sup-
ported by the wireless device 110. For example a wireless
device 110 supporting a CA combination with a maximum
CA configuration of 4 DL CCs and 1 UL CC may support the
following 3 fallback modes: 3 DL CCs and 1 UL CC, 1 DL
CCs and 1 UL CC and DL CC and 1 UL CC (i.e. single
carrier operation). The term fallback mode is also inter-
changeably called as lower order CA combination, lower
order CA configuration, fallback CA mode, fallback CA
configuration mode, fallback CA combination etc.

The term signal used herein can be any physical signal or
physical channel. Examples of physical signals are reference
signal such as PSS, SSS, CRS, PRS etc. The term physical
channel (e.g., in the context of channel reception) used
herein is also called as channel. Examples of physical
channels are MIB, PBCH, NPBCH, PDCCH, PDSCH,
sPUCCH, sPDSCH, sPUCCH, sPUSCH, MPDCCH,
NPDCCH, NPDSCH, E-PDCCH, PUSCH, PUCCH,
NPUSCH, etc.

The term time resource used herein may correspond to
any type of physical resource or radio resource expressed in
terms of length of time. Examples of time resources are:
symbol, time slot, subframe, radio frame, TTI, interleaving
time, etc.

The term TTI used herein may correspond to any time
period (T0) over which a physical channel can be encoded
and interleaved for transmission. The physical channel is
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decoded by the receiver over the same time period (T0) over
which it was encoded. The TTI may also interchangeably
called as short TTI (sTTI), transmission time, transmission
time interval, slot, sub-slot, mini-slot, short subframe (SSF),
mini-subframe etc.

The term Pcmax used herein may correspond to any
parameter defining UE maximum output power. In some
embodiments Pcmax is denoted by P1. The parameter may
be pre-defined or configured. The parameter may be equal to
or less than the nominal output power of the UE. Pcmax is
also interchangeably called herein as UE maximum transmit
power, UE maximum configured power, UE maximum
operating power etc.

The term requirements used herein may comprise any
type of is device requirements related to wireless device
measurements aka radio requirements, measurement
requirements, RRM requirements, mobility requirements,
positioning measurement requirements etc. Examples of
wireless device requirements related to wireless device
measurements are measurement time, measurement report-
ing time or delay, measurement accuracy (e.g. RSRP/RSRQ
accuracy), number of cells to be measured over the mea-
surement time etc. Examples of measurement time are L1
measurement period, cell identification time or cell search
delay, CGI acquisition delay etc.

In certain embodiments, a wireless device 110 may be
configured with different time resources such as different
TTI lengths or patterns. In one example scenario, wireless
device 110 may be configured with at least two serving cells
(e.g. PCell, SCell, etc.) ak.a. carrier aggregation or multi-
carrier operation. Wireless device 110 may be capable of at
least two different TTTIs (e.g. TTI of 1 ms and TTI of 2-OS
etc). Wireless device 110 can be configured with any one of
the plurality of TTIs supported by the wireless device 110 in
different serving cells. For example, wireless device 110
may be configured with TTI=1 for operation on both PCell
and SCell or TTI=2-OS for operation on both PCell and
SCell.

In certain embodiments, wireless device 110 may also be
configured with different TTTs in different serving cells. For
example, wireless device 110 may be configured with TTI=1
and TTI=7-OS for operation on PCell and SCell, respec-
tively.

In certain embodiments, wireless device 110 may further
be capable of supporting operation whereby the TTI is
changed over time in one or more serving cells of the
wireless device 110. Additionally or alternatively, wireless
device 110 may further be capable of supporting operation
using different TTI in uplink and downlink of any one or
more of its serving cells. An example of the basic scenario
is described in Table 1:
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FIGS. 8A-8C illustrate examples of different TTI patterns
in different uplink carriers in an uplink carrier aggregation
network, according to certain embodiments. A currently
used TTI length consists of 14 OFDM symbols. In case of
shortened TTI, the TTI length may be reduced to a defined
number less than 14, for example, 2-OFDM symbols, or
7-OFDM symbols. These examples are denoted as: 2-OS
sTT1, and 7-OS sTTI, respectively.

Different TTI lengths can be configured in different direc-
tions, i.e. different TTI lengths between downlink and
uplink, or the TTI lengths may be the same in uplink and
downlink. The different TTI lengths may be different short-
ened TTI lengths or may be a current TTI length (14
symbols) and a shortened TTI length. For example, the
downlink and uplink TTI lengths {DL;UL} may be {2,2},
17,7} or {2,7}.

FIGS. 8A-8C illustrate examples of different TTI lengths
on component carriers (CC1,CC2) of a carrier aggregation
transmission. In FIG. 8 A, CC1 has a TTI of 1 ms, which is
divided into two slots #0 and #1, and CC2 has a sTTI of
2-OFDM symbols and 3-OFDM symbols. In FIG. 8B, CC1
has a TTI of 1 ms, which is divided into two slots #0 and #1,
and CC2 has a sill of 7-OFDM symbols. In FIG. 8C, CC1
has a sTTI of 7-OFDM symbols, and CC2 has a sTTI of
2-OFDM symbols and 3-OFDM symbols.

For uplink CA, the UL carriers may have the same length
within the same PUCCH group. Alternatively, different sTTI
lengths can be configured in different PUCCH groups.
Different combinations are considered below.

FIG. 9 illustrates an example of uplink grant to uplink
transmission timing, according to certain embodiments. An
UL grant (UL G) sent in the DL will grant an UL transmis-
sion (UL Tx). Since both the decoding of the UL grant in
FIG. 9, and the preparation of the UL transmission will take
some time, the UL transmission is specified to take place
after a specified time duration. As an example for LTE and
2-0S sTTI, it is assumed that this processing time is 3 sTTI
periods (also known as N+4 timing). In some cases, the
processing time can alternatively be 5 sTTT periods (also
known as N+6 timing). A time gap between UL Tx may be
set as 2 sTTIs. If the second UL transmission would not be
scheduled, there is no reason for the UE to keep RF
components and PA ON to keep phase reference.

FIG. 10 illustrates an example wireless device 110 for
deriving maximum output power for different time resources
such as different TTI lengths or patterns in carrier aggrega-
tion, in accordance with certain embodiments. As depicted,
wireless device 110 includes transceiver 210, processor 220,
and memory 230. In some embodiments, transceiver 210
facilitates transmitting wireless signals to and receiving
wireless signals from network node 115 (e.g., via an
antenna), processor 220 executes instructions to provide

Example with two carriers,

Cases Carder combinations

however not limited to two carriers)

More than one UL
carriers in the
aggregation

Same TTI pattern is
used in different UL
carriers

A cell Celll operating in frequency F1 uses a 1%
TTI pattern in UL, while a cell Cell2 operating in
frequency F2 uses the same TTI pattern in UL.

A wireless device aggregates Celll and Cell2 in

one UL CA configuration.
More than one UL
carriers in the
aggregation

Different TTI patterns
are used in UL
different carriers

A cell Celll operating in frequency F1 uses a 1%
TTI pattern in UL, while a cell Cell2 operating in
frequency F2 uses a 2" TTI pattern in UL. A

wireless device aggregates Celll and Cell2 in

one UL CA configuration.




US RE50,278 E

13

some or all of the functionality described above as being
provided by wireless device 110, and memory 230 stores the
instructions executed by processor 220. Examples of a
wireless device 110 are provided above.

Processor 220 may include any suitable combination of
hardware and software implemented in one or more modules
to execute instructions and manipulate data to perform some
or all of the described functions of wireless device 110. In
some embodiments, processor 220 may include, for
example, one or more computers, one or more central
processing units (CPUs), one or more microprocessors, one
or more applications, processing circuitry, and/or other
logic.

Memory 230 is generally operable to store instructions,
such as a computer program, software, an application
including one or more of logic, rules, algorithms, code,
tables, etc. and/or other instructions capable of being
executed by a processor. Examples of memory 230 include
computer memory (for example, Random Access Memory
(RAM) or Read Only Memory (ROM)), mass storage media,
(for example, a hard disk), removable storage media (for
example, a Compact Disk (CD) or a Digital Video Disk
(DVD)), and/or or any other volatile or non-volatile, non-
transitory computer-readable and/or computer-executable
memory devices that store information.

Other embodiments of wireless device 110 may include
additional components beyond those shown in FIG. 10 that
may be responsible for providing certain aspects of the
wireless device’s functionality, including any of the func-
tionality described herein and/or any additional functionality
(including any functionality necessary to support the solu-
tion described above).

FIG. 11 illustrates an exemplary method 300 by wireless
device 110 for deriving maximum output power, according
to certain embodiments. The method begins at step 302,
when wireless device 110 obtains or determines a first TTI
used for operating a first signal (S1) between a first cell on
a first carrier and wireless device 110 and a second TTI used
for operating a second signal (S2) between a second cell on
as second carrier and wireless device 110. In certain embodi-
ments, the configuration of the first TTI may be performed
by receiving a message from network node 115. In a
particular embodiment, for example, the message may
include an RRC message.

The first cell can be a serving cell of the wireless device
110. Examples of serving cells are PCell, PSCell, and other
cells. The serving cell can be activated or deactivated.
Where the first cell corresponds to the uplink (UL) serving
cell, the first TTI corresponds to the TTI of the UL serving
cell.

The term operating signals, also referred to as the first
signal (S1), between the first cell and wireless device 110
herein may comprise of reception of signals (S11) by the UE
from the first cell and/or transmission of signals (S12) by
wireless device 110 to the first cell. Examples of S11 when
receiving signals from the first cell at wireless device 110 are
DL channels such as PDCCH, PDSCH, sPDCCH, sPDSCH
etc. Examples of S12 when transmitting signals by wireless
device 110 to the first cell are UL channels such as PUCCH,
PUSCH, sPUCCH, sPUSCH, and other suitable UL chan-
nels.

In certain embodiments, wireless device 110 may deter-
mine the first TTI based on one, or more of the following
principles:

a Predefined information such as, for example, relation

between the first TTI and a first frequency band.
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Configuration received from network node 115. For
example the UE may determine the TTI pattern used in
any time instance 111 any carrier by receiving control
signals in DL or by receiving RRC message.

Pre-defined rule. Examples of rules are:

Apply the same TTI as used in a reference cell. The
reference cell may include the PCell, PSCell, or
another suitable reference cell.

Based on TTT used in the opposite direction of first cell.
For example,

Assume same TTI in UL and DL cell.
Assume UL celll uses TTI which is not shorter than
the TTI of the DL celll

Autonomous determination such as, for example, by blind
detection by wireless device 110 by attempting to
decode DL channel of different pre-define TTIs.

Wireless device 110 also obtains or determine a second
TTIused for operating a second signal between a second cell
on a second carrier and the wireless device 110 at step 302.
The second cell can be a serving cell of wireless device 110.
Again, examples of serving cells are PCell, SCell, PSCell,
etc. The serving cell can be activated or deactivated. Where
for example, the first cell corresponds to the UL serving cell,
the second TTI may correspond to the TTI of the serving
cell.

The operating signals between the second cell and the
wireless device 110 may include the reception of signals
(S21) by wireless device 110 from the second cell and/or
transmission of signals (S22) by wireless device 110 to the
second cell. Examples of S21 when receiving signals from
the first cell at wireless device 110 are DL channels such as
PDCCH, PDSCH, PDCCH, sPDSCH etc. Examples of S22
when transmitting signals by wireless device 110 to the first
coil are UL channels such as PUCCH, PUSCH, sPUCCH,
sPUSCH, and other suitable UL channels.

In certain embodiments, wireless device 110 may deter-
mine the second TTI based on one or more of the mecha-
nisms described above for obtaining or determining the first
TTI for operation in the first cell. In certain embodiments,
wireless device may use the same principles as described
above for determining the TI of any number of cells,
including a third cell, a fourth cell, and so on. Thus, various
embodiments are applicable to when wireless device 110 is
configured with any number of TTIs for operating any
number of serving cells.

At step 304, wireless device 110 determines a maximum
output power parameter (P1) based on determined values of
the first TTI and the second TTI. The estimation of P1 may
be done over a window or duration (Tw) which depends on
at least the first TTI and second TTI used by wireless device
110 for at least transmitting signals in its serving cells (first
cell and second cell), respectively. The parameter Tw may
also be referred to as reference time, reference TTI length or
window, TTI reference (TTIref), Pcmax reference time,
estimation period of max power etc.

More specifically, the value Tw used for calculating or
estimating P1 is a function of the first TTI1 and the second
TTI2 used by wireless device 110 in the UL of the first cell
and the UL of the second cell respectively. This may be
expressed by the following expression:

Tw=f(TTI1,TTI2)

Where P1=f1(Tw)
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In an example, the function of TTI1 and TTI2 selects one
of the length of TTIl or TTI2, e.g. the longer one. As a
farther example embodiment the value of Tw is chosen as a
fraction of

TTI1 and/or TTI2. For example, the value Tw is chosen as
half of the longest TTI duration of TTI1 or TTI2. Alterna-
tively, the value Tw is chosen to be another fraction of TTI1
and/or TTI2. The value of Tw may be based on the longer of
TTI1 and TTI2 or based on another criteria using one or both
of TTI1 and/or TTI2 (or any other TTI). In some aspects, the
value of Tw is configured as the whole value of the length
of TTI1 and/or TTI2. In some examples, the value of Tw
may be determined to be 7 OFDM symbols or another
predetermined value, e.g. if a largest length of TTI is equal
to or larger than 7 OFDM symbols or the predetermined
value. The above examples are applicable to any number of
TTI, and may be considered as generally applying to a
plurality of TTI lengths. The function determining Tw may
determine a length different to either TTI1 or TTI2. Infor-
mation indicating a value of Tw, or a parameter or informa-
tion arranged for generating Tw, may be determined by the
wireless device, or signalled to the wireless device from the
network node, or the value of Tw may be determined by the
wireless device based on a pre-determined value or derived
from some other signal or configuration of the wireless
device.

In certain other embodiments, the value of Tw may
depend on: TTI used in UL

(TTI1uw) and TTI used in DL (TTI1d) in the first cell, TTI
used in UL (TTI2u) in the second cell and TTI used in DL
(TTI2d) in the second cell by the wireless device. For
example, Tw may be expressed using the following function:

Tw=f2(TTI1u,TTI1d, TTI2u,TTI2d)

The above principles or rules may apply to any number of
serving cells configured for wireless device 110. The value
of Tw of any example may be configured as a whole length
or a selected fraction of the length of a defined one TTI or
combination of the TTI, for example as described above.

For each determined sets of TTIs for all its configured
serving cells, the wireless device 110 may determine
Pepsax 1o and Py, o values. Several examples are pro-
vided below.

One example of a general function for determining the
maximum output power can be expressed by Equation 4

(PearaxsP CMAX,L) =f(TTI1,TTI2)

In Equation 4, first TTI (TTI1) and second TTI (TTI2) are
the TTI used in the UL of the first cell (celll) and UL of the
second cell (cell2), respectively. As an example embodi-
ment, the value of (Py4x Peasax 1) can be estimated over
a time window (Tw) as a fraction of TTI1 and/or TTI2, for
example, half of the longest applicable TTI duration. The
time window used may be determined by any criteria or
function, e.g. based on one or more TTI length.

Specific examples of such functions are given in the
following descriptions. Such function would first determine
the length on which UE should evaluate the maximum
output power to be used for transmitting signal.

If both TTIs have the same length (TT1=TT2), an obvious
choice would be to select that TTI as timing reference
(TTlzgr)-

If TTIs have different value, one example would be to
consider the lowest common multiple of both values, as
shown in Table 3:

(Equation 4)
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TABLE 3

Selection of TTIggx (TTI reference)

TTI 1 TR TTlgr
208 408 408
208 7 08 7 0S(%)
408 208 408
408 708 7 0S(%)
708 2 08 7 0S(¥)
708 408 7 OS(¥)
1 ms 208 7 OS(+%)

Note that even if shortened TTI is specified to be 408, it would vary from 3 to 4 OS to
always be slot and sub-frame aligned. In a similar way, a 2 OS TTI would vary from 2 to
?*9)%01& that an example may be a determination of TTIggr which is different to any TTI
length used, i.e, TTIl and TTI2.

In some examples, the evaluation window (TTlg.z) is
based on the plurality of TTIs, e.g. by selecting the length of
the highest length TTI. Alternatively, the TTl,., may be a
fraction (e.g. half) of one of the TTI lengths (e.g. the highest
length TTI). In some examples, the TTl . is different to any
of the TTI lengths used, e.g. a predetermined value, option-
ally selected according to one or more TTI length used. In
some examples, the TTI, ., is a slot (i.e. 7 OFDM symbols).

Once this TTI,,, has been determined, existing require-
ments specified in TS36.101 section 6.2.5A would apply to
determine UE maximum output power but instead of evalu-
ating power each subframe, it may be done every TTI, ., in
certain embodiments.

FIG. 12 illustrates an example embodiment for PCMAX
definitions when two different TTI patterns are used in any
carrier aggregation combination. Specifically, FIG. 12 illus-
trates example PCMAX definitions when 14-OS and 7-OS
patterns are used. The total configured maximum output
power PCMAX may be set within the following bounds:

PCMAX,LSPCMAXSPCMAX,H

Where

P, CMAX,L:MIN {P CMAX_L, I(TTI(H)),P CMAX,L,z(TTI(H,
0),P CMAX,L,z(TTI(“al))aP Powereclass)

Penax r=MIN{Prsax o (TTH).Popsax p o TTIn,
0)),P cMAx,H,z(TTI(H, 1).P Powerec[ass}

In certain embodiments, the above mentioned P,y may
be applied to the reference TTIs. For example, the above
mentioned P, may be applied to the TTI(n) in the first
cell and TTI(n,0) and TTI(n,1) in the second cell. Py, 5 .
att) and Pprax 51 oy are the Py s lower and higher limit
respectively for cell a on TTI b.

In other embodiments, a slot based PCMAX for 14-OS
TTI (1 ms TTI) may be used and compared with the shorter
TTI, as shown in the FIG. 12.

FIG. 13 illustrates PCMAX definitions when two different
TTI patterns are used in any carrier aggregation combina-
tion. Specifically, FIG. 13 depicts PCMAX definitions when
14-0S and 7-OS TTI patterns are used. The comparison on
slot base is shown from legacy TTI pattern.

As depicted, Py 5 ;. can be defined as:

MIN[Pcarax 1,1 (TTI(n, s1)), Payax £,2(TTI(n, 0))],
Peprax_r = MING MIN[Peypay 2,1 (TTI(, 82)), Papgax 2,2 (TTI(m, 1))],
Prowerciass
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Similarly, P4y g can be defined as:

MIN[Pcarax 1 (TTIM, s1), Peprax 2 (TTI(n, 0))],
Peyrax_ = MIN{ MIN[Pearax_ g1 (TTI(, 52)), Pearax_m2(TTI(m, 1)),
Prowerciass

In the both of the above equations, Pryux ;4. and
Perrax wacw.c, denote lower and higher Py for CG ain
subframe b and slot ¢ for the first cell.

FIG. 14 illustrates PCMAX definitions when two different
TTI patterns are used in any carrier aggregation combina-
tion. Specifically, PCMAX definitions are shown when 4-OS
and 14-OS TTI patterns are used.

Following the same logic as shown in FIG. 12 and
subsequent formulation of PCMAX definition, the following
may be defined for the above mentioned example:

Pemax L =

MIN { Pensax_ 1 (TTIW)), Pepsax ,2(TTI(n, 0)), Pomax_ 1,2(TTI(n, 1)), }

Pesrax 12(TTIM, 2)), Peppax_£,2(TTI@, 3)), Proverciass

Peax m =

MIN { Pensax_m1 (TTI(M)), Poprax_m2(TTU(n, 0)), Peprax_m,2(TTI(n, 1)), }

Poyrax_m2(TTI(, 2)), Pesgax m2(TTI(, 3)), Prowerciass

Another alternative could be to use slot based PCMAX
for 14-O8 TTI (1 ms TTI) and compare that with the shorter
TTIL, as shown in FIG. 15, which illustrates P, defini-
tions when two different TTI patterns are used in any carrier
aggregation combination. Specifically, PCMAX definitions
are defined for 14-OS and 7-OS TTI patterns with compari-
son on slot-base from legacy TTI pattern.

As seen, P,,,x , may be defined as:

MIN[Pcagax_r,1(TTI(n, s1)), Pearax £,2(TTI(n, 0))

MIN[Pcagax 2,1 (TTI(, s1)), Pepgax 2,2 (TTI(n, 1))

MIN[Pcagax 1,1 (TTI(, $2)), Pepgax 1,2 (TTI(n, 2))

MIN[Pcagax 1,1 (TTI(, $2)), Pepgax 2,2 (TTI(n, 3))
Ppowerciass

>
>

Peprax . = MIN

>

>

Similarly, P4y g can be defined as:

MIN|
MIN|
Peyrax = MINg MIN|
MIN|

>

Pesrax 1 (TTI, s1)), Peprax 2 (TTI(n, 0))

Pesrax 1 (TTI, 1)), Peprax 2 (TTI(n, 1))

Peneax_m1 (TTI(n, $2)), Peaax_m2(TTI(n, 2))

Pesrax 1 (TTI(, 52)), Peprax 2 (TTI(n, 3))
Prowerciass

>

>

>

The above examples can also be expanded for other TTI
combinations between carriers in any carrier aggregation
operation.

In some examples, different windows (Tw) or reference
times may be used for PCMAX evaluations, which are then
compared. For example, Prpux. Poasax 2. and/or Poyux o
evaluations may be based on TTI1 and TTI2 (or another
reference TTI), and compared to determine a P,y
Poasax 1» and/or Py, for use in determining the output
power of the wireless device.

FIG. 16 shows an example of two different TTI patterns
being used in any carrier aggregation combination, in this
case with a 14-OS (1 ms) pattern and a 2-OS sTTI pattern.
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A comparison may be based on group of sTTI in a slot 350
(7 OFDM symbols) as defined in a legacy TTI pattern.
Therefore, in this example, two slots 350 are shown. In this
example, the window (Tw) for the 1 ms TTI may be a slot
350.

The maximum output power parameters Py, .
and/or P .y , may be calculated for different TTIs,
optionally using different windows (Tw), and compared to
determine the Pry/ux, Peoasax 1, and/or Py, 4 to be used.
In some examples, the different TTIs are used on different
carriers. The different TTIs (i.e. TTI instances) may be
different lengths and/or consecutive TTIs of the same length.
For example, a minimum one of the evaluated P, ;...
Popsax Lo and/or P, 5 4, from a group of TTIs is selected.
In this example, the group of TTIs are those TTIs which are
at least partially present in a time period 350, which may or
may not correspond to a window (Tw). For example, the
group includes a 1 ms TTI evaluated over a length of a slot
350 (i.e. the time period), and the sTTI in that same time
period, e.g. slot 350, i.e. TTI(n), TTI(n+1) and TTI(n+2).

For the configuration in FIG. 16, the total configured
maximum output power P, shall be set within the
following bounds:

PCMAX,LSPCMAXSPCMAX,H

Where

Peagax 2,1 (TTI(m, s0)), Peprax £,2(TTI(m)),
Peprax 1 = MINS Poprax £2(TTI( + 1)), Pearax r2(TTI(n +2)),
Prowerciass
Peprax_ 1 (TTIm, 80, Poprax 2 (TTI@)),
Payrax = MINS Pengax g2 (TTI( + 1)), Pesrax a2 (TTIn +2)),
Ppowerciass

In this example, TTI(m,s0) refers to the 1 ms TTI in slot
#0, for which Py, 5 Or Peysax g is in cell/carrier 1. The
values of P,y are evaluated also for TTI(n), TTI(n+1) and
TTI(n+2).

In this example, the above mentioned P, is applied to
the reference TTIs, i.e. to the TTI(n,s0) in celll (i.e. slot #0)
and TTI(n), TTI(n+1) and TTI(n+2) in cell2. Prypix 1 o
and Pepsax sramy are the Peyyax . lower and higher limit
respectively for cell a on TTI b. In this example, a minimum
one of the group of evaluated parameters is selected. The
evaluations may be carried out over the same and/or differ-
ent time windows. A threshold value Py, may option-
ally be included in the group to provide a minimum value of
selected parameter.

A corresponding formulation applies for slot #1 of the 1
ms TTIL e.g. referring to the 1 ms TT1(m,s1) on cell 1 and
TTI(n+3)., TTI(n+4) and TTI(n+5) on cell 2.

The parameters may be determined by the wireless
device. Optionally, information indicating the parameters
defining P,y above may be signalled to the wireless
device by the network node, or determined by the wireless
device based on another received signalling or configuration
of the wireless device, e.g. received from the network node.

Returning to FIG. 11, at step 306, wireless device 110 uses
the determined maximum output power value to be used for
the determined TTI(s) determined from step 304 for trans-
mitting first signal (S1) and second signal (S2) to first cell
(celll) and second cell (cell2), respectively.
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According to certain embodiments, the following sections
may be modified in 3GPP TS 36.133 v14.1.0. The new
changes are shaded in the following sections in in 3GPP TS
36.133 v14.1.0:

6.2.5A Configured Transmitted Power for CA

For uplink carrier aggregation the UE is allowed to set its
configured maximum output power P, . for serving cell
¢ and its total configured maximum output power P,/ -

The configured maximum output power P, . on serv-
ing cell ¢ shall be set as specified in subclause 6.2.5.

For uplink inter-band carrier aggregation, MPR_ and
A-MPR,_ apply per serving cell ¢ and are specified in
subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR_
accounts for power management for serving cell ¢. Peyy v,
is calculated under the assumption that the transmit power is
increased independently on all component carriers.

For uplink intra-band contiguous and non-contiguous
carrier aggregation, MPR =MPR and A-MPR_=A-MPR
with MPR and A-MPR specified in subclause 6.2.3A and
subclause 6.2.4A respectively. There is one power manage-
ment term for the UE, denoted P-MPR, and P-MPR_=P-
MPR. Py is calculated under the assumption that the
transmit power is increased by the same amount in dB on all
component carriers.

The total configured maximum output power P, shall
be set within the following bounds:

Penrax 15PcaraxsP carax

For uplink inter-band carrier aggregation with one serving
cell ¢ per operating band,

P carax 1=MIN{10 log;oEMIN[pzarex./(Atc ),
PPowerClass! (NP, a-MPT, c.AtC,c-AtIB,c.AtProSe) >
PPowerClass PPLLP Poyerciass |

P CMAXJI:MIN{ 10 log, OEPEMAKCPPowerCIaSS}

where

DPzazax, 18 the linear value of Py, 5 . which is given by IE
P-Max for serving cell ¢ in [7];

Proverciass 18 the maximum UE power specified in Table
6.2.2A-1 without taking into account the tolerance
specified in the Table 6.2.2A-1; Ppy,.0rcrass 15 the linear
value of PPowerCZass;

mpr, and a-mpr, are the linear values of MPR_ and
A-MPR,, as specified in subclause 6.2.3 and subclause
6.2.4, respectively;

pmpr,, is the linear value of P-MPR ;

At . is the linear value of AT, xAt. =1.41 when NOTE
2 in Table 6.2.2-1 applies for a serving cell c, otherwise
Ate =1,

Aty . is the linear value of the inter-band relaxation term
AT, . of the serving cell c as specified in Table 6.2.5-2;
otherwise Atz =1,

Atg,,s, 1s the linear value of AT, . and applies as
specified in subclause 6.2.5.

For uplink intra-band contiguous and non-contiguous

carrier aggregation,

P CMAX,L:MIN{ 10 log lOEPEMAKC_ATCPPowerCIaSS_
MAX(MPR+A-MPR+AT;5 +ATAATp, 5,0~

MPR)}

P CMAX,H:MIN{ 10 log IOEPEMAKC,PPowerCIaSS}

where
DPzazax, 18 the linear value of Py, 5 . which is given by IE
P-Max for serving cell ¢ in [7];
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Prowerciass 18 the maximum UE power specified in Table
6.2.2A-1 without taking into account the tolerance
specified in the Table 6.2.2A-1;

MPR and A-MPR are specified in subclause 6.2.3A and
subclause 6.2.4A respectively;

AT,z . is the additional tolerance for serving cell ¢ as
specified in Table 6.2.5-2;

P-MPR is the power management term for the UE;

AT_ is the highest value AT, . among all serving cells ¢ in
the subframe over both timeslots. AT =1.5 dB when
NOTE 2 in Table 6.2.2A-1 applies to the serving cell c,
otherwise AT, =0 dB;

AT,,,s. applies as specified in subclause 6.2.5.

For combinations of intra-band and inter-band carrier
aggregation with UE configured for transmission on three
serving cells (up to two contiguously aggregated carriers per
operating band),

PCMAX,L:MIN{ 10 logoZ(p CMAX,Lﬁi)aPPowerczass}

Pearax 7 MIN{lO 10g102PEMAX,mPPoweraass}

where

Preasax,. 18 the linear value of Py, . which is given by 1B
P-Max for serving cell ¢ in [7];

Prowerciass 18 the maximum UE power specified in Table
6.2.2A-0 without taking into account the tolerance
specified in the Table 6.2.2A-0; pp,yiercrass 15 the linear
value of PPowerCZass;

Peagax 1.5 18 the linear values of Py, x ;. as specified in
corresponding operating band. P, ; . specified for
single carrier in subclause 6.2.5 applies for operating
band supporting one serving cell. P, ; specified for
uplink intra-band contiguous carrier aggregation in
subclause 6.2.5A applies for operating band supporting
two contiguous serving cells.

Trzrand T, ,; have values specified in Table 6.2.5-0A.
For each Ty, the Py, ; is evaluated per T,,,,; and given
by the minimum value taken over the transmission(s) within
the T,,,;; the minimum P_,,, s ; over T is then applied
for the entire T, .. P shall not be exceeded by the

Powerclass

UE during any period of time.

TABLE 6.2.5A-0A:

Parax evaluation window for different TTI patterns in

carrier aggregation
First TTI Second TTI Third TTI
value used value used value used  Trzg Tovar
14 OS (1 ms) NA NA 1 subframe 1 slot
208 2 08 2 08
4 08 4 0S8 4 0S8
708 708 708
2 08 408 408 408
208 708 708 708
4 08 708 4 0S8 4 0S8
208 4 0S8 708 708 708
14 OS (1 ms) 2 08 NA 708 708
14 OS (1 ms) 2 08 708 708 708
In some aspects, the reference time may refer to a
reference time period (T z in the above table) or, indepen-

dently, evaluation time (T,,,,) in the above table). In some
aspects, determining the maximum output power comprises
determining a maximum output power parameter For the
reference time being an evaluation time period, the maxi-
mum output power parameter is evaluated per reference time
period (i.e. over the evaluation time, T_eval). The reference
time is based on a length of the first time resource and/or the
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second time resource. In some aspects, the maximum output
power parameter can be applied for the a reference time
period (Txzz), which is based on a length of the first time
resource and/or the second time resource. The evaluation
time and reference time period may be the same (as shown
in the table above) or different.

If the UE is configured with multiple TAGs and trans-
missions of the UE on T -1 for any serving cell in one TAG
overlap some portion of the first symbol of the transmission
on Ty i+1 for a different serving cell in another TAG, the
UE minimum of P, ; for Tz s1andi+1 applies for any
overlapping portion of Tz 5 i and i+1. Pp,,0pcpuss Shall not
be exceeded by the UE during any period of time.

The measured maximum output power P, .- over all
serving cells shall be within the following range:

P i - MAX{TL ToomP carax 2)=Ponrax=
Perax = Taron(Peoriax )

Prawx=10 10g102PUMAX,c

where prpzqx,. denotes the measured maximum output
power for serving cell ¢ expressed in linear scale. The
tolerances T;,,.(Pcasix) and TopardPearsy) for applicable
values of P, ,, are specified in Table 6.2.5A-1 and Table
6.2.5A-2 for inter-band carrier aggregation and intra-band
carrier aggregation, respectively. The tolerance T, is the
absolute value of the lower tolerance for applicable
E-UTRA CA configuration as specified in Table 6.2.2A-0,
Table 6.2.2A-1 and Table 6.2.2A-2 for inter-band carrier
aggregation, intra-band contiguous carrier aggregation and
intra-band non-contiguous carrier aggregation, respectively.

TABLE 6.2.5A-1

P arax tolerance for uplink inter-band CA (two bands)

Tolerance Tolerance
Peaax TromP carax) Teroa(P carax)
(dBm) (dB) (dB)
Peagax =23 3.0 2.0
22 < Peppux <23 5.0 2.0
21 = Prapyx <22 5.0 3.0
20 = Pepux <21 6.0 4.0
16 = Prppay <20 5.0
11 = Peppux <16 6.0
-40 = P <11 7.0
TABLE 6.2.5A-2
Prasax tolerance
Tolerance Tolerance
Peagax TromPearax) Tarea(P carax)
(dBm) (dB) (dB)
21 = Peppax = 23 2.0
20 = Peppax <21 2.5
19 = Prppuxr < 20 35
18 < Prppuy < 19 4.0
13 < Prppuy <18 5.0
8 < Peapaxy <13 6.0
-40 = P <9 7.0

FIG. 17 illustrates an exemplary method 400 by wireless
device 110 for deriving maximum output power, according
to certain embodiments. The method begins at step 402
when wireless device 110 obtains a first time resource for
transmitting a first signal in a first cell on a first carrier. At
step 404, wireless device 110 also obtains a second time
resource for transmitting a second signal in a second cell on
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a second carrier. In a particular embodiment, the first time
resource is a first TTI and the second time resource is a
second TTI. The first time resource has a first TTI length and
the second TTI has a second TTI length. The first TTI
lengths may be the same or different. In a particular embodi-
ment, at least one of the first TTI and the second ITT may
be a short TTI, i.e. less than 1 ms. In some aspects, one of
the first TTI and the second TTT short TTI (e.g. 2,3, 4 or 7
symbol sTTI) and the other of the first TTI and the second
TTIis 1 ms (i.e. 14 symbol TTI). In another example, the
first TTI and the second TTI are different lengths of short
TTI, e.g. 2 and 7 symbol TTI respectively. In another
embodiment, the first time resource are referred to as a first
mini-slot and the second time resource is a second mini-slot.
Corresponding examples apply with this terminology.

According to certain embodiments, the first cell may be an
uplink serving cell of wireless device 110. In a particular
embodiment, for example, the uplink serving cell is a
primary cell or a secondary cell.

According to certain embodiments, at least one of the first
time resource and the second time resource may be obtained
based on at least one respective characteristic. In various
particular embodiments, for example, the at least one char-
acteristic may include one or more of a relationship between
the first time resource and a first frequency band, a configu-
ration received from the network node, a pre-defined rule,
and blind detection.

At step 406, wireless device 110 determines the maximum
output power based on the first time resource and the second
time resource. According to certain embodiments, determin-
ing the maximum output power may include determining a
reference time based on at least one of the first time resource
and the second time resource and determining the maximum
output power bused on the reference time. In a particular
embodiment, the reference time may be one slot, one
mini-slot, 208, 408, or 70S. In a particular embodiment,
the reference time may be determined as a function of a
length of at least one of the first time resource and the second
time resource. For example, the reference time may be a
lowest common multiple of a length of the first time resource
and a length of the second time resource, a highest of the
length of the first time resource and the length of the second
time resource, a fraction of the length of the first time
resource or the length of the second time resource, a half of
the length of the first time resource or the length of the
second time resource, a fraction of a highest of the length of
the first time resource or the length of the second time
resource, a half of a highest of the length of the first time
resource or the length of the second time resource, or a value
configured for at least one of the first time resource and the
second time resource.

According to certain embodiments, determining the maxi-
mum output power may include determining a maximum
output power parameter, P,,, - ;, and the reference time is
an evaluation time period, wherein the maximum output
power parameter is evaluated per reference time period
(T_eval). The reference tune may be based on a length of the
first time resource and/or the second time resource. In a
particular embodiment, the maximum output power param-
eter may be a lower bound for a configured maximum output
power (Peazsx 1)

According to a particular embodiment, the reference time
may be determined based on a plurality of evaluations of the
power parameter for different values of the first time
resource and the second time resource. For example, the
reference time may be determined by performing a com-
parison of the reference time for a plurality of different
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lengths of the first time resource and the second time
resource. In a particular embodiment, each of the plurality of
evaluations of the power parameter may be evaluated within
a time period (T,,,,) that is the same as the reference time.
In another embodiment, each of the plurality of evaluations
of the power parameter may be performed within a time
period (T,, ;) that is different from the reference time. Thus,
it is recognized that the reference time and the time period
over which the evaluations are performed (T, ) may be
independently determined and may be the same or different,
according to particular embodiments.

According to still other embodiments, a first reference
time may be determined based on the first time resource and
a second reference time may be determined based on the
second time resource. The maximum output power may then
be determined based on the first reference time and the
second reference time. In a particular embodiment, the first
reference time may be different from the second reference
time. In another embodiment, the first reference time may be
the same as the second reference time.

At step 408, wireless device 110 transmits, based on the
determined maximum output power, the first signal to the
first cell and the second signal to the second cell. In a
particular embodiment, the first signal may be transmitted to
the first cell on a physical uplink control channel (PUCCH),
a physical uplink shared channel (PUSCH), a short physical
uplink control channel (sPUCCH), or short physical uplink
shared channel (sPUSCH).

In certain embodiments, the methods for deriving maxi-
mum output power as described above may be performed by,
a virtual computing device. FIG. 8 illustrates an example
virtual computing device 400 for deriving maximum output
power, according to certain embodiments. In certain
embodiments, virtual computing device 400 may include
modules for performing steps similar to those described
above with regard to the method illustrated and described in
FIG. 11 or 17. For example, virtual computing device 400
may include at least one obtaining module 410, at least one
determining module 420, at least one transmitting module
430, and any other suitable modules for deriving maximum
output power with different TTI patterns. In some embodi-
ments, one or more of the modules may be implemented
using one or more processors 220 of FIG. 10. In certain
embodiments, the functions of two or more of the various
modules may be combined into a single module.

The obtaining module 410 may perform the obtaining
functions of virtual computing device 400. For example, in
a particular embodiment, obtaining module 410 may obtain
a first time resource for transmitting a first signal in a first
cell on a first carrier. Additionally, obtaining module 410 or
another obtaining module may also obtain a second time
resource for transmitting a second signal m a second cell on
a second carrier. In a particular embodiment, for example,
obtaining module 410 may obtain or determine a first TTI
used for operating a first signal (S1) between a first cell on
a first carrier and wireless device 110 and a second TTI used
for operating a second signal (S2) between a second cell on
a second carrier and wireless device 110. In certain embodi-
ments, the configuration of the first TTI may be performed
by receiving a message from network node 115. In particular
embodiment, for example, the message may include an RRC
message. For example, in a particular embodiment,

The determining module 420 may perform the determin-
ing functions of virtual computing device 400. For example,
in a particular embodiment, determining module 420 may
determine a maximum output power parameter (P1) based
on determined values of the first time reference and the
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second time reference. The estimation of P1 may be done
over a reference time, which may be referred to as window
or duration (Tw) which depends on at least the first time
reference and the second time reference used by wireless
device 110 for at least transmitting signals in its serving cells
(first cell and second cell), respectively. The parameter TV
may also be referred to as reference time, reference TTI
length or window, TTT reference (TTIref), Pcmax reference
time, estimation period of max power etc.

The transmitting module 430 may perform the transmit-
ting functions of virtual computing device 400. For example,
in a particular embodiment, transmitting module 430 may
use the determined maximum output power parameter (P1)
to transmit first signal (S1) and second signal (S2) to first
cell (celll) and second (cell2), respectively.

Other embodiments of virtual computing device 400 may
include additional components beyond those shown in FIG.
18 that may be responsible for providing certain aspects of
the radio node’s functionality, including any of the func-
tionality described above and/or any additional functionality
(including any functionality necessary to support the solu-
tions described above). The various different types of wire-
less devices 110 and network nodes 115 may include com-
ponents having the same physical hardware but configured
(e.g., via programming) to support different radio access
technologies, or may represent partly or entirely different
physical components.

FIG. 19 illustrate an example network node 115 for
deriving configured output power with different TTI pat-
terns, according to certain embodiments. As described
above, network node 115 may be any type of radio network
node or any network node that communicates with a wire-
less device and/or with another network node. Examples of
a network node 115 are provided above.

Network nodes 115 may be deployed throughout network
100 as a homogenous deployment, heterogeneous deploy-
ment, or mixed deployment. A homogeneous deployment
may generally describe a deployment made up of the same
(or similar) type of network nodes 115 and/or similar
coverage and cell sizes and inter-site distances. A heteroge-
neous deployment may generally describe deployments
using a variety of types of network nodes 115 having
different cell sizes, transmit powers, capacities, and inter-site
distances. For example, a heterogeneous deployment may
include a plurality of low-power nodes placed throughout a
macro-cell layout. Mixed deployments may include a mix of
homogenous portions and heterogeneous portions.

Network node 115 may include one or more of transceiver
510, processor 520, memory 530, and network interface 540.
In some embodiments, transceiver 510 facilitates transmit-
ting wireless signals to and receiving wireless signals from
wireless device 110 (e.g., via an antenna), processor 520
executes instructions to provide some or all of the function-
ality described above as being provided by a network node
115, memory 530 stores the instructions executed by pro-
cessor 520, and network interface 540 communicates signals
to backend network components, such as a gateway, switch,
router, Internet, Public Switched Telephone Network
(PSTN), core network nodes or radio network controllers,
etc.

In certain embodiments, network node 115 may be
capable of using multi-antenna techniques, and may be
equipped with multiple antennas and capable of supporting
MIMO techniques. The one or more antennas may have
controllable polarization. In other words, each element may
have two co-located sub elements with different polariza-
tions (e.g., 90 degree separation as in cross-polarization), so
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that different sets of beamforming weights will give the
emitted wave different polarization.

Processor 520 may include any suitable combination of
hardware and software implemented in one or more modules
to execute instructions and manipulate data to perform some
or all of the described functions of network node 115. In
some embodiments, processor 520 may include, for
example, one or more computers, one or more central
processing units (CPUs), one or more microprocessors, one
or more applications, processing circuitry, and/or other
logic.

Memory 530 is generally operable to store instructions,
such as a computer program, software, an application
including one or more of logic, rules, algorithms, code,
tables, etc. and or other instructions capable of being
executed by a processor. Examples of memory 530 include
computer memory (for example, Random Access Memory
(RAM) or Read Only Memory (ROM)), mass storage media
(for example, a hard disk), removable storage media (for
example, a Compact Disk (CD) or a Digital Video Disk
(DVD)), and/or or any other volatile or non-volatile, non-
transitory computer-readable anchor computer-executable
111 memory devices, that store information.

In some embodiments, network interface 540 is commu-
nicatively coupled to processor 520 and may refer to any
satiable device operable to receive input for network node
115, send output from network node 115, perform suitable
processing of the input or output or both, communicate to
other devices, of any combination of the preceding. Network
interface 540 may include appropriate hardware (e.g., port,
modem, network interface card, etc.) and software, includ-
ing protocol conversion and data processing capabilities, to
communicate through a network.

Other embodiments of network node 115 may include
additional components beyond those shown in FIG. 19 that
may be responsible for providing certain aspects of the radio
network node’s functionality, including any of the function-
ality described above and/or any additional functionality
(including any functionality necessary to support the solu-
tions described above). The various different types of net-
work nodes may include components having the same
physical hardware but configured (e.g., via programming) to
support different radio access technologies, or may represent
partly or entirely different physical components.

FIG. 20 illustrates an exemplary method 600 by network
node 115 for deriving maximum output power with different
time resources, according to certain embodiments. The
method begins at step 602, when network node 115 config-
ures wireless device 110 with a first TTI (TTI) used for
operating a first signal (S1) between a first cell (celll) on the
first carrier (F1) and the wireless device 110 and with a
second TTI (TTI2) used for operating a second signal (S2)
on a second carrier (F2) between a second cell (cell2) and
wireless device 110.

In certain embodiments, network node 115 may also
configure wireless device 110 with a plurality of TTIs for a
corresponding plurality of serving cells of wireless device
110. The embodiments are applicable for any number of
TTIs configured for any number of corresponding serving
cells of wireless device 110.

The configuration of the first TTI and the second TTI may
be performed by transmitting a message to wireless device
110. For example, the first TTI and the second TTI may be
transmitted in a RRC message. The configuration of the first
TTI and the second TTI may be performed via the same or
different messages.
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Prior to configuration, network node 115 may determine
the value of first TTI and second TTI or the need to configure
first TTI and second TTI. For example, network node 115
may determine the specific values first TTI and second TTI.
Network node 115 may determine the values of first TTI and
second TTI based on for example one or more of the
following principles:

UE capability whether it supports two or more different
TTIs on each serving cell, e.g. ITT=1 ms and TTI=0.14
ms.

The required UE bit rate on each serving cell, e.g. on first
cell and second cell.

The round trip time (RTT) required to deliver data packet
between wireless device 110 and network node 115 or
between wireless devices, e.g. shorter TTI is used in
case shorter RTT is required.

The wireless device location with respect to the serving
cell. For example shorter TTI is used if the wireless
device 110 is close to the serving cell such as, for
example, when wireless device 110 is close to the
network node serving first cell (celll).

At step 604, network node 115 determines a UE maxi-
mum output power parameter (P1) based on the configured
values of the first TTI and the second TTI. The parameter P1
is used by the wireless device 110 for transmitting UL
signals in first cell and second cell.

In certain embodiments, network node 115 may determine
the value of P1 based on a relation or mapping between TTIs
and the maximum out power parameters. The mapping may
contain at least two set of TTIs for the corresponding two
sets of serving cells of the wireless device 110 and the
corresponding value of the estimation period (aka Pcmax
window or reference window) for estimating the maximum
output power. Network node 115 may determine the value of
P1 using the same principles as described above with respect
to the method of wireless device 110.

At step 606, network node 115 receives a first signal (S1)
from wireless device 110 in a first cell over the configured
first TTI and/or second signal (S2) from wireless device in
the second cell over the configured second TTI, wherein the
wireless device 110 transmit power does not exceed the
determined value of P1 in the first cell and the second cell.

In certain embodiments, network node 115 may further
adapt its receiver configuration base on the determined value
of P1. For example, if P1 used by wireless device 110 for
transmitting signals to the first cell is estimated by wireless
device 110 over a time window smaller than a threshold (e.g.
300 ps), then network node 115 may use more robust
receiver for receiving the first signal (S1). But if the value
of P1 used by wireless device 110 for transmitting signals to
the first cell is estimated by wireless device 110 over a time
window not smaller than a threshold (e.g. 300 ps), then
network node 115 may use less robust receiver for receiving
the first signal (S1). A more robust receiver may mitigate
interference more effectively compared to the receiver
which is less robust. However, the more robust receiver may
consume more power and requires more processing and
complex operations compared to the latter receiver type.

In certain embodiments, the adaptation of the receiver
type will enable network node 115 to enhance the UE
coverage.

In certain embodiments and optionally, network node 115
may use the determined UE maximum output power value
determined in step 604 and/or also the window (Tw) over
which the value of P1 is estimated by wireless device 110,
for performing one or more operational tasks. Examples of
tasks are:
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performing radio measurements in the network node,

adapting TTI of the UE in DL and/or in U in celll and/or

in cell2,

adapting TTI of the UE in celll and/or in cell2 in different

time resources,

power control operation of the UE in celll and/or in cell2,

transmitting information about the determined value of P1

and/or Tw to other nodes.

FIG. 21 illustrates an exemplary method 600 by network
node 115 for deriving configured output power with different
TTI patterns in carrier aggregation, according to certain
embodiments. The method begins at step 702 when network
node 115 configures a wireless device 110 with a first time
resource for transmitting a first signal in a first cell on a first
carrier. At step 704, network node 115 also configures the
wireless device with a second time resource for transmitting
a second signal in a second cell on a second carrier. In a
particular embodiment, the first time resource may include
a first transmission time interval (TTI) and the second time
resource may include a second TTI. In another embodiment,
the first time resource may include a first mini-slot and the
second time resource comprises a second mini-slot.

At step 706, network node 115 determines a maximum
output power based on the first time resource and the second
time resource. According to certain embodiments, for
example, network node 115 may determine a reference time
based on at least one of the first time resource and the second
time resource and determine the maximum output power
based on the reference time. In a particular embodiment, the
reference time may be determined as a function of a length
of at least one of the first time resource and the second time
resource. As examples, the reference time may be a lowest
common multiple of a length of the first time resource and
a length of the second time resource, a highest of the length
of the first time resource and the length of the second time
resource, a fraction of the length of the first time resource or
the length of the second time resource, a half of the length
of the first time resource or the length of the second time
resource, a fraction of a highest of the length of the first time
resource or the length of the second time resource, a half of
a highest of the length of the first time resource or the length
of'the second time resource, or a value configured for at least
one of the first time resource and the second time resource.

At step 708, network node 115 receives at least one of the
first signal on the first cell or the second signal on the second
cell based on the maximum output power.

According to certain embodiments, network node 115
may additionally perform one or more operations based on
the maximum output power. For example, network node 115
may receive at least one of the first signal in the first cell or
the second signal in the second cell based on the maximum
output power. In another particular embodiment, for
example, network node 115 may adapt uplink scheduling of
at least one of the first signal in the first cell and the second
signal in the second cell. In other embodiments, network
node 115 may perform any one or more of the following
operations based on the maximum output power: adapt the
first time resource of the wireless device in the downlink or
the uplink in the first cell, adapt the second time resource of
the wireless device in the downlink or the uplink in the
second cell, perform a power control operation of the
wireless device in at least one of the first cell and the second
cell, transmit information about a determined value of the
maximum output power to a another network node, and
transmit information about a reference time determine based
on at least one of the first time resource and the second time
resource to another network node.
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In certain embodiments, the method for deriving maxi-
mum output power as described above may be performed by
a virtual computing device. FIG. 22 illustrates an example
virtual computing device 800 for deriving maximum output
power, according to certain embodiments. In certain
embodiments, virtual computing device 800 may include
modules for performing steps similar to those described
above with regard to the method illustrated and described in
FIGS. 20 and 21. For example, virtual computing device 800
may include at least one configuring module 810, at least
one determining module 820, at least one receiving module
830, and any other suitable modules for deriving configured
output power with different TTI patterns. In some embodi-
ments, one or more of the modules may be implemented
using one or more processors 520 of FIG. 19. In certain
embodiments, the functions of two or more of the various
modules may be combined into a single module.

The configuring module 810 may perform the configuring
functions of virtual computing device 800. For example, in
a particular embodiment, configuring module 810 may con-
figure wireless device 810 with a first time resource for
transmitting a first signal in a first cell on a first carrier.
Additionally, configuring module 810 or another configuring
module may configure wireless device 810 with a second
time resource for transmitting a second signal in a second
cell on a second carrier. For example, configuring module
810 may configure wireless device 110 with a first TTI
(TTI1) used for operating a first signal (S1) between a first
cell (celll) on the first carrier (F1) and the wireless device
110 and with a second TTI (TTI2) used for operating a
second signal (S2) on a second carrier (F2) between a second
cell (cell2) and wireless device 110.

In certain embodiments, configuring module 710 may
also configure wireless device 110 with a plurality of TTIs
for a corresponding plurality of serving cells of wireless
device 110. The embodiments are applicable for any number
of TTIs configured for any number of corresponding serving
cells of wireless device 110.

The determining module 720 may perform the determin-
ing functions of virtual computing device 700. For example,
in a particular embodiment, determining module 720 may
determine a UE maximum output power parameter (P1)
based on the configured values of the first time resource and
the second resource. The parameter P1 is used by the
wireless device 110 for transmitting UL signals in first cell
and second cell.

In certain embodiments, determining module 720 may
determine the value of P1 based on a relation or mapping
between TTIs and the maximum out power parameters. The
mapping may contain at least two set of TTIs for the
corresponding two sets of serving cells of the wireless
device 110 and the corresponding value of the estimation
period (aka Pcmax window or reference window) for esti-
mating the maximum output power. Network node 115 may
determine the value of P1 using the same principles as
described above with respect to the method of wireless
device 110.

The receiving module 830 may perform the receiving
functions of virtual computing device 800. For example, in
a particular embodiment, receiving module 830 may receive
a first signal (S1) from wireless device 110 in a first cell over
the configured first time resource and/or second signal (S2)
from wireless device in the second cell over the configured
second time resource, wherein the wireless device 110
transmit power does not exceed the determined value of P1
in the first cell and the second cell.
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Other embodiments of virtual computing device 700 may
include additional components beyond those shown in FIG.
20 that may be responsible for providing certain aspects of
the radio node’s functionality, including any of the func-
tionality described above and/or any additional functionality
(including any functionality necessary to support the solu-
tions described above). The various different types of wire-
less devices 110 and network nodes 115 may include com-
ponents having the same physical hardware but configured
(e.g., via programming) to support different radio access
technologies, or may represent partly or entirely different
physical components.

According to certain embodiments, a method by a wire-
less device for deriving configured output power with dif-
ferent TTI patterns for carrier aggregation is provided that
includes:

obtaining or determining (1) a first TTT used for operating

a first signal between a first cell on a first carrier and the
wireless device and (2) a second TTI used for operating
a second signal between a second cell on a second
carrier and the wireless device;

determining a maximum output power parameter based

on the determined value of the first TTI and the
determined value of the second TTI;

based on the determined maximum output power param-

eter, transmitting the first signal to a first cell and the
second signal to the second cell

optionally, the first cell comprises a serving cell of the

wireless device;

optionally, the serving cell comprises a primary cell;

optionally, the serving cell comprises a secondary cell;

optionally, the first cell comprises a uplink (UL) serving
cell;
optionally, operating a first signal comprises receiving
one or more signals by the wireless device from the first
cell, wherein the first signal may be received on the
PDCCH, PDSCH, sPDCCH, or sPDSCH,;

optionally, operating a first signal comprises transmitting
one or more signals by the wireless device on the first
cell, wherein the first signal may be transmitted on the
PUCCH, PUSCH, sPUCCH, or sPUSCH.

optionally, operating the first signal comprises transmit-
ting the one or more signals by the wireless device to
the first cell;
optionally, the first TTI may be obtained or determined
based on at least one characteristic selected from the
group consisting of:
pre-defined information, such as a relationship between

the first TTI and a first frequency band;

a configuration received from the network node;
pre-defined rule;
blind detection;

optionally, a reference time or window (Tw, TTI,.z) is
used for determining the maximum output power
parameter. The window may be based on, or be a
function of, one or more of the TTI lengths. Optionally,
the window has a length determined or obtained as one
of: a lowest common multiple of the TTI lengths, a
highest of the TTI lengths, a fraction of one of the TTI
lengths, a half of one of the TTI lengths, a fraction (e.g.
half) of the highest of the TTI lengths or a pre-
determined value, e.g. 7 OFDM symbols, optionally
according to the TTI lengths.

optionally, a parameter for configuring the maximum

output power is based on a plurality of evaluations of
the parameter for different TTT instances. For example,
the parameter is based on a comparison of the param-
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eter for a plurality of different TTI lengths and/or a
comparison of the parameter for a plurality of different
TTIs. Optionally, the compared parameters are evalu-
ated within a time period, which may be the same or
different to the reference time. Optionally, the evalu-
ated parameter is for TTIs on one or more carriers/cells.
The reference time may be different for the evaluated
TTIs. Optionally, the reference time is one slot. Option-
ally, the parameter may be evaluated separately in each
reference time. Optionally, a minimum one of the
evaluated parameters is selected.

According to certain embodiments, a wireless device for
deriving configured output power with different TTI patterns
for carrier aggregation is provided that includes a memory
storing instructions and a processor configured to execute
the instructions to cause the processor to:

obtain or determine (1) a first used for operating a first

signal between a first cell on a first carrier and the
wireless device and (2) a second TTT used for operating
a second signal between a second cell on a second
carrier and the wireless device;

determine a maximum output power parameter based on

the determined value of the first TTI and the determined
value of the second TTI;

based on the determined maximum output power param-

eter, transmit the first signal to a first cell and the
second signal to the second cell

optionally, the first cell comprises a serving cell of the

wireless device;

optionally, the serving cell comprises a primary cell;

optionally, the serving cell comprises a secondary cell;

optionally, the first cell comprises a uplink (UL) serving
cell;
optionally, operating a first signal comprises receiving
one or more signals by the wireless device from the first
cell, wherein the first signal may be received on, the
PDCCH, PDSCH, sPDCCH, or sPDSCH,;

optionally, operating a first signal comprises transmitting
one or more signals by the wireless device on the first
cell, wherein the first signal may be transmitted on the
PUCCH, PUSCH, sPUCCH, or sPUSCH.

optionally, operating the first signal comprises transmit-
ting the one or more signals by the wireless device to
the first cell;
optionally, the first TTI may be obtained or determined
based on at least one characteristic selected from the
group consisting of:
pre-defined information, such as a relationship between

the first TTI and a first frequency band;

a configuration received from the network node;
pre-defined rule;
blind detection;

optionally, a reference time or window (Tw, TTIl,..) is
used for determining the maximum output power
parameter. The window may be based on, or be a
function of, one or more of the TTI lengths. Optionally,
the window has a length determined or obtained as one
of a lowest common multiple of the TTI lengths, a
highest of the TTI lengths, a fraction of one of the TTI
lengths, a half of one of the TTI lengths, a fraction (e.g.
half) of the highest of the TTI lengths or a pre-
determined value, e.g. 7 OFDM symbols, optionally
according to the TTI lengths.

optionally, a parameter for configuring the maximum

output power is based on a plurality of evaluations of
the parameter for different TTT instances. For example,
the parameter is based on a comparison of the param-



US RE50,278 E

31

eter for a plurality of different TTI lengths and/or a
comparison of the parameter for a plurality of different
TTIs. Optionally, the compared parameters are evalu-
ated within a time period, which may be the same or
different to the reference time. Optionally, the evalu-
ated parameter is for TTIs on one or more carriers/cells.
The reference time may be different for the evaluated
TTIs. Optionally, the reference time is one slot. Option-
ally, the parameter may be evaluated separately in each

32

lengths, Optionally, the window has a length deter-
mined or obtained as one of: a lowest common multiple
of the TTI lengths, a highest of the TTI lengths, a
fraction of one of the TTI lengths, a half of one of the
TTI lengths, a fraction (e.g. half) of the highest of the
TTI lengths or a pre-determined value, e.g. 7 OFDM
symbols, optionally according to the TTI lengths.
optionally, the method includes using a parameter for
configuring the maximum output power based on a

2?:1?;23 tﬁ:&gggoi?aslgécie dmlmmum one of the 10 plurality of evaluations of the parameter for different
According top certain embodiments., a method by a net- T instapces. For example, the parameter. is basgd on
work node for deriving configured output power with dif- a comparison of the parameter fo.r a plurality of differ-
ferent TTI patterns is provided for carrier aggregation that ent TTI lengths anq/or a companson.of the parameter
includes: 15 for a plurality of different TTIs. Optionally, the com-
configuring a wireless device with (1) a first TTI used for par.ed parameters are evaluate.d within a time period,
operating a first signal between a first cell on a first which may be the same or different to the reference
carrier and the wireless device and (2) a second TTI time. Optionally, the evaluated parameter is for TT1, on
used for operating a second signal between a second one or more carriers/cells. The reference time may be

cell on a second carrier and the wireless device; 20 different for the evaluated TTIs. Optionally, the refer-

to determining a maximum output power parameter based ence time is one slot. Optionally, the parameter may be
on the configured value of the first TTI and the con- evaluated separately in each reference time. Optionally,
figured value of the second TTI; a minimum one of the evaluated parameters is selected.
receiving (1) the first signal in a first cell from the wireless According to certain embodiments, a network node for
device based on the determined maximum output 25 deriving configured output power with, different TTI pat-

power parameter anti or (2) the second signal in the
second cell based on the determined maximum output
power parameter;

optionally, the method further includes configuring the
wireless device with a plurality of for a corresponding
plurality of serving cells;

optionally, the method further includes transmitting a
message to the wireless device, the message compris-
ing an RRC message;
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terns for carrier aggregation is provided. The network node
includes a memory storing instructions and a processor
configured to execute the instructions to cause the processor
to:

configure a wireless device with (1) a first TTI used for
operating a first: signal between a first cell on a first carrier
and the wireless device and (2) a second TTI used for
operating a second signal between a second cell on a second
carrier and the wireless device;

optionally, the method further includes transmitting, to the 35  determine a maximum output power parameter based on
wireless device, a first message comprising the first TTI the configured value of the first TTI and the configured
and a second message comprising the second TTI; value of the second TTI;
optionally, the method further includes determining a first receive (1) the first signal in a first cell from the wireless
value for the first TTI and second value for the second device based on the determined maximum output
TTI based one or mine of 40 power parameter and/or (2) the second signal in the
whether the wireless device supports two or more second cell based on the determined maximum output
different TTIs on each serving cell; power parameter;
the required UE bit rate on each serving cell optionally, the method further includes configuring the
the round trip time required to deliver data packet wireless device with a plurality of TTIs for a corre-
between the wireless device and the network node; 45 sponding plurality of serving cells;
the location of the wireless device with respect to the optionally, the method further includes transmitting a
serving cell, message to the wireless device, the message compris-
optionally the method includes using the received signals ing an RRC message;
and/or the determined maximum output power param- optionally, the method further includes transmitting, to the
eter to perform one or more of the following tasks: 50 wireless device, a first message comprising the first TTI
performing radio measurements in the network node and a second message comprising the second TTI:
adapting the first TTI of the wireless device in the DL, optionally, the method further includes determining a first
and/or in the UL in the first cell; value for the first TTI and second value for the second.
adapting the first TTI of the wireless device in the first TTI based one or more of
cell in different time resources; 55 whether the wireless device supports two or more
performing a power control operation of the wireless different TTIs on each serving cell;
device in the first cell; and to the required UE bit rate on each serving cell
transmitting information about the determined maxi- the round trip time required to deliver data packet
mum output power parameter and a transmission between the wireless device and the network node;
window to at least one node; 60 the location of the wireless device with respect to the
optionally, the method includes determining the value of serving cell.
P1 based on a relation or mapping between the TTIs optionally the method includes using the received signals
and the maximum out power parameters. and/or the determined maximum output power param-
optionally, the method includes using a reference time or eter to perform, one or more of the following tasks:
window (Tw, TTIREF) is used for determining the 65  performing radio measurements in the network node

maximum output power parameter. The window may
be based on, or be a function of, one or more of the

adapting the first TTI of the wireless device in the DL
and/or in the UL in the first cell;



US RE50,278 E

33

adapting the first TTI of the wireless device in thy first cell

in different time resources;

performing a power control operation of the wireless

device in the first cell; and

transmitting information about the determined maximum

output power parameter and a transmission window to
at least one node;

optionally, the method includes determining the value of

P1 based on a relation or mapping between the TTIs
and the maximum out power parameters.

optionally the method includes using a reference time or

window (Tw, TTIREF) for determining the maximum
output power parameter. The window may be based on,
or be a function of, one or more of the TTI lengths.
Optionally, the window has a length determined or
obtained as one of: a lowest common multiple of the
TTI lengths, a highest of the TTI lengths, a fraction of
one of the TTI lengths, a half of one of the TTI lengths,
a fraction (e.g. halt) of the highest of the TTI lengths or
a pre-determined value, e.g. 7 OFDM symbols, option-
ally according to the TTI lengths.

optionally, the method includes using a parameter for

configuring the maximum output power based on a
plurality of evaluations of the parameter for different
TTI instances. For example, the parameter is based on
a comparison of the parameter for a plurality of differ-
ent TTI lengths and/or a comparison of the parameter
for a plurality of different TTIs. Optionally, the com-
pared parameters are evaluated within a time period,
which may be the same or different to the reference
time. Optionally, the evaluated parameter is for TTIs on
one or more carriers/cells. The reference time may be
different for the evaluated TTIs. Optionally, the refer-
ence time is one slot. Optionally, the parameter may be
evaluated separately in each reference time. Optionally,
a minimum one of the evaluated parameters is selected.

Certain embodiments of the present disclosure may pro-
vide one or more technical advantages. For example, certain
embodiments may provide well defined wireless device
behavior with respect to configured transmitted power. As
another example, a technical advantage may be that the
wireless device behavior with respect to configured trans-
mitted power is well defined when different TTI patterns are
used in the same cell in different time resources. As still
another example, a technical advantage may be that the
network node may receive and process signals when a
wireless device transmits signals using different maximum
power as a function of TTI.

Modifications, additions, or omissions may be made to the
systems and apparatuses described herein without departing
from the scope of the disclosure. The components of the
systems and apparatuses may be integrated or separated.
Moreover, the operations of the systems and apparatuses
may be performed by more, fewer, or other components.
Additionally, operations of the systems and apparatuses may
be performed using any suitable logic comprising software,
hardware, and/or other logic. As used in this document,
“each” refers to each member of a set or each member of a
subset of a set.

Modifications, additions, or omissions may be made to the
methods described herein without departing front the scope
of the disclosure. The methods may include more, fewer, or
other steps. Additionally, steps may be performed in any
suitable order.

Although this disclosure has been described in terms of
certain embodiments, alterations and permutations of the
embodiments will be apparent to those skilled in the art.

10

25

40

45

55

34

Accordingly, the above description of the embodiments does
not constrain this disclosure. Other changes, substitutions,
and alterations are possible without departing from the spirit
and scope of this disclosure.
The invention claimed is:
1. A method by a wireless device for determining a
maximum output power, the method comprising:
obtaining, by the wireless device, a first time resource for
transmitting a first signal in a first cell on a first carrier;

obtaining, by the wireless device, a second time resource
for transmitting a second signal in a second cell on a
second carrier;

[based on the first time resource and the second time

resource, determining the maximum output power;]

determining a reference time based on at least one of the
first time resource and the second time resource;
determining the maximum output power [based on] 7o be

applied for the reference time, wherein the reference

time is determined as a function of a length of at least

one of the first time resource and the second time

resource; and wherein the reference time comprises:

a lowest common multiple of a length of the first time
resource and a length of the second time resource;

a highest of the length of the first time resource and the
length of the second time resource;

a fraction of the length of the first time resource or the
length of the second time resource;

a half of the length of the first time resource or the
length of the second time resource;

a fraction of a highest of the length of the first time
resource or the length of the second time resource; or

ahalf of a highest of the length of the first time resource
or the length of the second time resource; [or

a value configured for at least one of the first time
resource and the second time resource;] and

based on the determined maximum output power, trans-

mitting the first signal in the first cell and the second
signal in the second cell.

2. The method of claim 1, wherein:

the first time resource comprises a first transmission time

interval (TTI) or a first mini-slot, and

the second time resource comprises a second TTI or a

second mini-slot.

3. The method of claim 1, wherein determining the
maximum output power comprises determining a maximum
output power parameter, and the reference time is an evalu-
ation time period, wherein the maximum output power
parameter is evaluated per reference time period (T_eval),
wherein the reference time is based on a length of the first
time resource and/or the second time resource.

4. The method of claim 3, wherein the maximum output
power parameter is PCMAX_L., which is a lower bound for
a configured maximum output power.

5. The method of claim 1, wherein the first time resource,
second

time resource and/or reference time is any of:

one slot, one-mini slot, 208, 308, 408, 70S or 1 ms.

6. The method of claim 1, further comprising

determining a first reference time based on the first time

resource;

determining a second reference time based on the second

time resource; and

determining the maximum output power based on the first

reference time and the second reference time.

7. The method of claim 6, wherein:

the first reference time is different from the second

reference time, or
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the first reference time is the same as the second reference
time.
8. A wireless device for determining a maximum output
power, the wireless device comprising:
a memory storing instructions; and
aprocessor configured to execute the instructions to cause
the wireless device to:
obtain a first time resource for transmitting a first signal
in a first cell on a first carrier;
obtain a second time resource for transmitting a second
signal in a second cell on a second carrier;
[based on the first time resource and the second time
resource, determine the maximum output power;]
determine a reference time based on at least one of the
first time resource and the second time resource;
determine the maximum output power [based on] 70 be
applied for the reference time, wherein the reference
time is determined as a function of a length of at least
one of the first time resource and the second time
resource; and wherein the reference time comprises:
a lowest common multiple of a length of the first time
resource and a length of the second time resource;
a highest of the length of the first time resource and the
length of the second time resource;
a fraction of the length of the first time resource or the
length of the second time resource;
a half of the length of the first time resource or the
length of the second time resource;
a fraction of a highest of the length of the first time
resource or the length of the second time resource; or
ahalf of a highest of the length of the first time resource
or the length of the second time resource; [or
a value configured for at least one of the first time
resource and the second time resource;] and
based on the determined maximum output power, transmit
the first signal to the first cell and the second signal to
the second cell.
9. A method by a network node for determining a maxi-
mum output power, the method comprising:
configuring a wireless device with a first time resource for
transmitting a first signal in a first cell on a first carrier;
configuring the wireless device with a second time
resource for transmitting a second signal in a second
cell on a second carrier;
[determining a maximum output power based on the first
time resource and the second time resource;]
determining a refevence time based on at least one of the
first time resource and the second time resource;
determining a maximum output power to be applied for
the reference time;
based on the maximum [transmit] ouzpus power, perform-
ing at least one of:
performing, by the network node, at least one radio
measurement;
adapting uplink scheduling of at least one of the first
signal in the first cell and the second signal in the
second cell;
[adapting the first time resource of the wireless device
in a downlink or an uplink in the first cell;
adapting the second time resource of the wireless
device in the downlink or the uplink in the second
cell;]
performing a power control operation of the wireless
device in at least one of the first cell and the second
cell;
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transmitting information about a determined value of
the maximum output power to another network
node; and

transmitting information about [a] #he reference time
[determine based on at least one of the first time
resource and the second time resource] to another
network node; and

based on the maximum output power, receiving, from the

wireless device, at least one of the first signal on the
first cell and the second signal on the second cell.

10. The method of claim 9, wherein:

the first time resource comprises a first transmission time

interval (TTI) or a first mini-slot, and

the second time resource comprises a second TTI or a

second mini-slot.

[11. The method of claim 9, further comprising:

determining a reference time based on at least one of the

first time resource and the second time resource; and
determining the maximum output power based on the
reference time.]

12. The method of claim [11] 9, wherein the reference
time is determined as a function of a length of at least one
of the first time resource and the second time resource.

13. The method of claim [12] 9, wherein determining the
maximum output power comprises determining a maximum
output power parameter, PCMAX_L., and the reference time
is an evaluation time period, wherein the maximum output
power parameter is evaluated per reference time period
(T_eval), wherein the reference time is based on a length of
the first time resource and/or the second time resource.

14. The method of claim 13, wherein the maximum output
power parameter is PCMAX_L., which is a lower bound for
a configured maximum output power.

15. The method of claim [11] 9, wherein the reference
time comprises:

a lowest common multiple of a length of the first time

resource and a length of the second time resource;

a highest of the length of the first time resource and the

length of the second time resource;

a fraction of the length of the first time resource or the

length of the second time resource;

a half of the length of the first time resource or the length

of the second time resource;

a fraction of a highest of the length of the first time

resource or the length of the second time resource;

a half of a highest of the length of the first time resource

or the length of the second time resource; or

a value configured for at least one of the first time

resource and the second time resource.

16. The method of claim 12, wherein the first time
resource,

second time resource and/or reference time is any of:

one slot, one mini-slot, 208, 308, 408, or 708 or 1 ms.

17. The method of claim 9, further comprising:

determining a first reference time based on the first time

resource;

determining a second reference time based on the second

time resource; and

determining the maximum output power based on the first

reference time and the second reference time.

18. The method of claim 17, wherein:

the first reference time is different from the second

reference time, or

the first reference time is the same as the second reference

time.

19. A network node for determining a maximum output
power, the network node comprising:



US RE50,278 E

37

a memory storing instructions; and
aprocessor configured to execute the instructions to cause
the network node to:
configure a wireless device with a first time resource for
transmitting a first signal in a first cell on a first carrier;
configure the wireless device with a second time resource
for transmitting a second signal in a second cell on a
second carrier;
[determine a maximum output power based on the first
time resource and the second time resource;]
determine a reference time based on at least one of the
first time resource and the second time resource;
determine the maximum output power to be applied for
the reference time;
based on the maximum [transmit] outpus power, perform
at least one of:
perform, by the network node, at least one radio
measurement;
adapt uplink scheduling of at least one of the first signal
in the first cell and the second signal in the second
cell;
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[adapt the first time resource of the wireless device in
a downlink or an uplink in the first cell;

adapt the second time resource of the wireless device in
the downlink or the uplink in the second cell;]

perform a power control operation of the wireless
device in at least one of the first cell and the second
cell;

transmit information about a determined value of the
maximum output power to another network node;
and

transmit information about [a] the reference time
[determine based on at least one of the first time
resource and the second time resource] to another
network node; and

based on the maximum output power, receive, from the
wireless device, at least one of the first signal on the
first cell and the second signal on the second cell.
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