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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims right of priority to U.S. Provisional Application No. 62/513,433, filed May 31,
2017, entitled "Power Control of Random Access in NB-IOT," .

TECHNICAL FIELD

[0002] The present application relates to methods and apparatus for controlling transmission power for random access
transmissions in wireless communication systems, such as those systems that implement Narrow Band Internet-of-
Things (NB-loT) functionality.

BACKGROUND

[0003] In Release 13 (Rel-13), the Third Generation Partnership Project (3GPP) began to develop standards related
to the implementation of Narrow-Band Internet-of-Things (NB-IoT). This new radio access technology is dedicated to
providing connectivity to services and applications—and demanding low device complexity and optimized power con-
sumption while still delivering reliable indoor coverage and high communication capacity. To achieve these goals, many
aspects of traditional wireless access techniques have been revisited as possible candidates for improvement.

[0004] One of these aspects that have been reconsidered is the set of procedures for performing random access for
user equipment (UE). Though improved random access procedures have already been proposed for continued improve-
ment of NB-loT, these proposed implementations suffer from several issues related to transmission power of uplink
random access message transmissions by UEs. Currently, these transmission powers can be based, at least in part,
on a coverage enhancement (CE) level associated with the UE. This paradigm, however, can lead to transmission
powers that are higher than necessary, which can introduce unnecessary interference into the system, degrading medium
access and efficiency for transmissions from other UEs (or network nodes such as gNBs, eNBs, and the like) on shared
channels.

[0005] Accordingly, improvements are necessary for determining transmission power levels for certain random access
transmissions in NB-loT systems.

[0006] 3GPP TS 36.213 V14.2.0 discloses physical layer procedures for 3GPP Long Term Evolution (LTE) commu-
nications systems. Disclosed is random access procedures for NB-loT, where a transmission power for transmitting
random access preamble from a UE is determined based on a target receive power and a path loss calculated by the
UE for the serving cell.

SUMMARY

[0007] The presentdisclosure presents a flexible uplink (UL) transmission power scheme to allow for improved network
and UE operation in extended coverage without unnecessary radio resource consumption and the negative repercussions
of overly high transmission power levels, thereby improving overall wireless system performance and individual uplink
channel budget.

[0008] Forinstance, the present disclosure describes a method performed by a user equipment according to claim 1.
[0009] In addition, the present disclosure describes an user equipment according to claim 12.

[0010] These and additional example embodiments will now be described in reference to the figures that follow.
[0011] Even though some embodiments have been summarized above, the claimed subject matter is defined in the
appended set of claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

Figure 1 illustrates a wireless communication system corresponding to example embodiments of the present dis-
closure.

Figure 2 illustrates an example random access procedure utilized in the wireless communication system.

Figure 3 illustrates a typical NB-loT Physical Random Access Channel (NPRACH) configuration with corresponding
time-frequency resources and repetition numbers for different coverage enhancement levels.

Figure 4A illustrates example NPRACH thresholds according to one or more embodiments.

Figure 4B illustrates NPRACH CE level selection and UL open loop power control according to one or more em-
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bodiments.

Figure 5A illustrates a Medium Access Control Random Access Response message for NB-loT in some examples
embodiments.

Figure 5B illustrates a Data Volume and Power Headroom Report MAC control element in certain example embod-
iments.

Figures 6A, 6B, 6C, 6D, 6E, and 6F each illustrate a method performed by a UE according to one or more embod-
iments.

Figure 7 illustrates a method performed by a network node

Figures 8A and 8B illustrate aspects of a UE in example embodiments of the present invention.

Figures 9A and 9B illustrate aspects of a network node

Figure 10 schematically illustrates a telecommunication network connected via an intermediate network to a host
computer.

Fig. 10 is a generalized block diagram of a host computer communicating via a base station with a user equipment
over a partially wireless connection.

Figures 12, 13, 14, and 15 include flowcharts illustrating methods implemented in a communication system including
a host computer, a base station and a user equipment.

DETAILED DESCRIPTION

[0013] Figure 1 illustrates a wireless communication system 10 that includes a network node 106 (also referred to as
radio network equipment, e.g., an eNB, base station, nodeB, efc.) and a UE 102, which may be a NB-loT device according
to example embodiments of the present disclosure. System 10 can constitute an NB-loT system according to one or
more embodiments.

[0014] The UE 102 is configured to perform random access (RA) procedures, for example, in order to obtain initial
access when establishing a radio link, for transmitting a scheduling request, and/or for achieving uplink synchronization.
Regardless of the particular objective for initiating this random access procedure, the UE 102 initiates a random access
procedure by performing a first random access transmission to the network node 106. This initial transmission can be
referred to herein as a preamble message, random access message 1, or transmission 110, as part of a particular
random access procedure. Where the system 10 is a NB-loT system, for instance, the UE 102 may transmit the random
access channel transmission over a narrowband physical random access channel (NPRACH), such that the random
access channel transmission is an "NPRACH transmission" for purposes of NB-loT and associated standards documen-
tation or specifications. The network node 106, if it receives the preamble message or transmission 110, can transmit
RA response signaling 112 (e.g., RA message 2) to the UE 102. This signaling 112 can include an uplink time-frequency
resource grant for transmission of a connection request message 114 (e.g., RA message 3) transmitted by the UE 102.
[0015] In certain embodiments envisioned by the present disclosure, a UE 102 can improve upon the existing UE
transmission power paradigm discussed above by determining transmission power levels for RA transmissions based
on certain factors. For instance, in an aspect, a UE 102 can be configured to determine a transmission power with which
the UE is to transmit a random access preamble in transmission 110 while operating within a certain coverage enhance-
ment level. This transmission power can, in some examples, be determined as a function of a target receive power with
which the random access preamble transmission is targeted to be received by a network node. Additionally or alternatively,
the transmission power for transmission 110 (or other transmissions in the RA procedure, generally) can be determined
based on a path loss between the UE 102 and the applicable network node 106 to which the RA preamble transmission
is targeted.

[0016] In a further aspect of the embodiments presented herein, the UE 102 can determine another (transmission
power with which the UE is to transmit a connection request in the random access procedure, wherein the other trans-
mission power is determined as a function of the target receive power with which the random access preamble trans-
mission was targeted to be received; and For purposes of the present disclosure, the "another transmission power" is
meant to describe a transmission power for one or more transmissions other than the RA preamble transmission 110,
such as a connection request message transmission (e.g., RA message 3),that is derived through a separate determi-
nation than the determination performed by the UE 102 related to the RA preamble transmission power. This is in contrast
to the "another" or "other" transmission power being of a different value than that of the RA preamble transmission power
level determined by the UE 102. To be clear, in the example embodiments herein, the term "another transmission power"
and the corresponding term "other transmission power" do not refer to two distinct transmission powers or power levels
and instead refer to the same transmission, the unique words being necessary for grammatical purposes.

[0017] Figure 2illustrates an example random access procedure performed in the system 10 of Figure 1. As illustrated,
the random access procedure includes a message 1 (corresponding to transmission 110 of Figure 1) transmitted by the
UE 102 and containing a random access preamble. In addition, the RA procedure also can include transmission 114 of
a message 2 by a network node 106 to the UE 102 and is responsive to the random access preamble transmission in
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message 1. The message 2 can include one or more time-frequency grants for UE 102 transmission of a connection
request in message 3 (transmission 116). In some instances, a contention resolution message and/or procedure 118
containing several messages 4 can be utilized by the UE 102 and/or network node 106 to indicate whether the connection
is successful or whether further random access procedure attempts are needed.

[0018] Returningto Figure 1, fortransmissions 110 and 112, the UE transmits the messages according to a transmission
power (which may be different for each message) determined by one or more rules (or instructions) obtained and
implemented by the UE 102. The aspects of the present disclosure concern the determination of these transmission
power levels. The explanation that follows presents information that clarifies the example implementation scenarios of
the present techniques and example embodiments.

[0019] In a feature referred to generally as coverage enhancement (CE), NB-loT uses repeated transmissions to
extend its coverage compared to earlier-supported 3GPP radio access technologies. In fact, when accessing the system
using CE, a UE 102 may repeat a Narrow Band Random Access Channel (NPRACH) preamble transmission up to 128
times to achieve coverage in demanding channel conditions. The NB-loT radio interface has therefore been designed
with three separate NPRACH radio resources, each being associated with a defined coverage range and number of
transmission repetitions.

[0020] Figure 3 illustrates a typical NPRACH configuration with three resources for CE level 0 (CEO), CE level 1 (CE1),
and CE level 2 (CE2). In an aspect, the left-most NPRACH resource is intended for UEs communicating in relatively
good radio conditions, and therefore the random access preamble is sent only once. The system may configure two
additional NPRACH resources CE 1 and CE 2, however, to be used by UEs in "extended" and "extreme" coverage,
where each NPRACH resource is associated with a coverage enhancement (also referred to as coverage extension)
level. A CE level is furthermore associated with a set of repetitions of the random access preamble transmission, with
the number of repetitions increasing with the coverage intended to be supported by the NPRACH resource.

[0021] To select a NPRACH resource, the UE 102 measures a downlink received power of a transmission received
from a network node 106, and based on this downlink received power and a set of broadcasted signal level thresholds,
makes a selection of the NPRACH resource to use for its system access. As explained above, this selection will ultimately
correspond to the number of times the random access transmission will be repeated. To make the selection as to the
CE level and corresponding time-frequency resources to be employed for a certain RA transmission or set thereof, UEs
102 can be configured to employ thresholding. This determination based on CE level thresholding is illustrated in Figure 4.
[0022] In the example presented in Figure 4, assuming that the network node 106 transmits 106 NB-loT subcarriers
at43 dBm, the power per 15 kHz sub-carrier is -32 dBm. If CE1 starts at a coupling loss of 144 dB and CE 2 at a coupling
loss of 154 dB then two NRSRP thresholds (Pgg 11, 1 and Pgg 1 2) may be associated with NRSRP levels of 32 - 144
=-112 dBm and 32 - 154 = -122 dBm.

[0023] Inanaspectof RA transmission procedure described herein, when a UE 102 accesses the radio access network
of system 10 using the first CE level (e.g., CE level 0), it can utilize power control techniques to meet a received power
level target at the network node 106 and can do so by taking an estimated path loss between the UE 102 and the network
node 106 into account. For CE levels 1 and 2, existing standards require the UE 102 to use transmission repetitions
and to transmit at its maximum configurable power Py 4x ¢, Which is limited by the allowed power in the cell. In particular,
in 3GPP TS 36.213, this procedure is specified as:

For the lowest configured repetition level, a narrowband preamble transmission power Pyprach is determined as:

Pypracy =min{ P,y (z) + NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER
+PL,}[dBm]

where Pgyax (/) is the configured UE transmission power for narrowband loT transmission defined ... for subframe i of
serving cell ¢ and PL is the downlink path loss estimate calculated in the UE for serving cell c. For a repetition level
other than the lowest configured repetition level, Pyprach is set to Peyax o)) where, according to standards document
3GPP TS 36.101, Peyax ¢ is set within the following bounds:

PCMAX_L,C < PCMAX,C < PCMAX_H,C
and where:
PCMAX_L,C B mln{PEMAX,c ’ PPawerClass _MPRC - A_MPRC}
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and

P

CMAX _H

P

=min { P PowerClass }

EMAX c*
Pemax ¢ in the above expressions represents the maximum allowed power in the serving cell and is signaled to the UE
102 using the P-max information element (IE) in a system information block (SIB) transmitted by the network node 106
to the UE 102. In addition, MPR is the maximum power reduction and A-MPRc represents the additional maximum
power reduction in the above expressions. The

[0024] NARROWBAND_PREAMBLE _RECEIVED TARGET_POWER parameter is calculated as:

preamblelnitialReceivedTargetPower — 10log10(numRepetitionPerPreambleAttempt),

where the preamblelnitialReceived TargetPower IE represents an initial target receive power for the transmission 110 at
the network node 106 and can be set to a value, for example, between -90 and -120 dBm (though this range is not
limiting and can be extended to constitute a wider range). In addition, numRepetitionPerPreambleAttempt corresponds
to the lowest configured repetition level.

[0025] For instance, if one envisions an example where a UE 102 uses a transmission power of 23 dBm, the num-
RepetitionPerPreambleAttempt is set to 1, and the preamblelnitialReceivedTargetPower is configured to -116 dBm, a
UE 102 experiencing a coupling loss less than 23 — (-116) = 139 dB will down-regulate the uplink transmission power.
On the other hand, a UE 102 experiencing a coupling loss greater than 139 dB will use its maximum configurable power
to come as close to the targeted power level as possible. Figure 4B illustrates an example of such a relation between
CE level selection and the NPRACH power configuration using UL open loop power control.

[0026] Currently for each CE level a UE may attempt a random access attempt up to K times, where K at most can
be configured to 10. In CE 0 the UE may ramp up the initial selected power level for each random access attempt. A
UE in CE1 or CE2 always uses full power to transmit NPRACH and can hence not use power ramping. Moreover, after
reaching the maximum attempts K of sending NPRACH in a CE level N, if a UE does not receive any random access
response from the eNB, the UE would ramp up to CE level N+1, and use the resource of CE level N+1 to continue
sending the NPRACH with more repetitions.

[0027] Additionally, after the UE 102 has successfully performed the random access procedure, it enters a connected
mode of operation where the number of repetitions utilized for data transmission and acknowledgement/non-acknowl-
edgement (ACK/NACK) transmission is governed by the network side (e.g., network node 106) Accordingly, in an
example, the network node 106 may determine that a particular UE 102 should utilize a NPUSCH Format 1 for data
transmission and NPUSCH Format 2 for ACK/NACKS. In general, the Downlink Control Information (DCI) messages
sent over the NPDCCH control these settings related to UE transmission repetition while the UE is in connected mode.
One situational exception to this rule is the NPUSCH carrying message 3 of the RA procedure (connection request), the
resources for which are controlled by the time-frequency grant transmitted to the UE 102 by the network node 106 to
the UE 102.

[0028] The UE transmission power (also referred to as "transmission power" herein and in certain standards documents
referenced herein) is defined in 3GPP TS 36.212 as: The UE transmission power Pypyscp (/) for NPUSCH transmission
inNB-loT UL slotifor the serving cell cis given by Ifthe number of repetitions of the allocated NPUSCH RUs is greater than 2

PNPL'SCH,c(i) = PCMAX,c(i) [dBm]

otherwise

PCMAX,c (l)’

. : . [dBm]
1010g10(MNPUSCH,c (1)) + By xpuscne (J) + . (j) - PL,

Pypuscn, (¢) = min

where

*  Pcuaxcl) is the configured UE transmission power defined in [6] in NB-loT UL slot i for serving cell c.
*  Mnpusch, ¢ (1) is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12}for 15kHz subcarrier spacing
* P npusch, cU) is a parameter composed of the sum of a component P nyominaL_nPuscH,c(/) Provided from higher
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layers and a component

Po_ue_npusc H,cl) provided by higher layers for j=1 and for serving cell ¢ where j € {1,2}. For NPUSCH (re)trans-
missions corresponding to a dynamic scheduled grant then j=7 and for NPUSCH (re)transmissions corresponding
to the random access response grant then j=2.

Po_ue_npusc Hc(2) = 0 and

Po NorMINAL _NPuscH, c(2) = Po_pre * ApreAMBLE M sg3 » Where the parameter preamblelnitialReceivedTarget-
Power [8] (Pq_pre) and ApreamBLE Msg3 @re signalled from higher layers for serving cell c.

* Forj=1, for NPUSCH format 2, a.(j)=1; for NPUSCH format 1, () is provided by higher layers for serving cell c.
For j=2, ay(j) = 1.

* PL.is the downlink path loss estimate calculated in the UE for serving cell ¢ in dB and PL, = nrs-Power + nrs-
PowerOffsetNonAnchor—higher layer filtered NRSRP, where nrs-Poweris provided by higher layers and Subclause
16.2.2, and nrs-powerOffsetNonAnchor is set to zero if it is not provided by higher layers and NRSRP is defined in
[5] for serving cell c and the higher layer filter configuration is defined in [11] for serving cell c.

*  Pcuaxcli) is the configured UE transmission power defined in [6] in NB-loT UL slot i for serving cell c.

[0029] Also, in such a scenario, when in connected mode, the maximum configurable transmission power for the UE
102 Pgpax ¢ is limited by lower and upper bounds as described above—and is a function of Pgyax ((/) . which is the
maximum allowed transmission power in the serving cell and is signaled using the P-max IE in a SIB message transmitted
by the network node 106. In the case of message retransmissions (or the number of repetitions for the CE level)
corresponding to the random access response grant (i.e., RA Message 3 (Message 3)) transmissions, the targeted
NRSRP is defined by the sum of preamblelnitialReceivedTargetPowerand ApgreampLe msg3- AS introduced above,
preamblelnitialReceivedTargetPowercan be configured in the range of -90 to -120 dBm, while the latter can is configured
by the deltaPreambleMessage 3 IE to a value between -2 and 106 dB.

[0030] As an example, one could assume that UE 102B in Figure 4A is assigned a single transmission using 15 kHz
subcarrier for the Message 3 transmission. In addition, preamblelnitialReceivedTargetPower is still set to -116 dBm and
deltaPreambleMessage 3 is set to 0 dB. The configured power then becomes Pypscy:¢ = 10/og10(1) +-116 +1x134
=18 dBm. In such a scenario, the UE 102 A would use the maximum power of 23 dBm regardless of the assignment
due to being in such deep coverage that it requires an assignment with multiple transmission repetitions. In the case of
subsequent NPUSCH transmissions corresponding to dynamic scheduled grants then Po_yominaL Npusch,cl) can be
configured in the range -126 to 24 dBm and Pg_ e npusc Hc(/) in the range -8 to +7 dB. -

[0031] In NB-IoT, the feedback from the UE 102 to the network (i.e., through network node 1086) is kept relatively low.
For instance, the UE 102 provides Hybrid Automatic Repeat Request (HARQ) ACK/NACK feedback in response to
NPDSCH transmissions and a power headroom report (PHR) in RA message 3 (i.e. an RA connection request message).
In such examples, PHR feeds back the difference between the estimated needed NPUSCH uplink power and the
maximum configurable UE output power, which corresponds to Pgyax ¢ in NB-loT. Specifically, in 3GPP TS 36.213, the
PHR functionality is defined as:

If the UE transmits NPUSCH in NB-loT UL slot i for serving cell ¢, power headroom is computed using

PH (i) = PCMAX,c(i)_ { PO_NPUSCH,C(I)‘I'ac(l)'PLc } [dB]

where, Peyax () Po npuscH,o(1): ax(1), and PL,, are defined in Subclause 16.2.1.1.1.

[0032] The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB ... and
is delivered by the physical layer to higher layers.

[0033] The PHR has been specified to support four code points. To support this format, the measured PHR must be
mapped to one out of four reporting values, and to determing which of the four reporting values is applicable in a given
case, two different mapping tables have been defined—namely, Table 1 and Table 2, which are reproduced below.
Table 1 includes PHR values reported for UEs under CE level 0, whereas Table 2 gives PHR values reported for UEs
under CE levels 1 and 2. and the table used of the two tables that is used in a given scenatio is defined by the UE-
experienced signal-to-noise ratio (SINR).

Table 1: PHR for UEs selecting NPRACH CE level 0.
Reported value Measured quantity value (dB)

POWER_HEADROOM_0 54 <PH <5
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(continued)

Reported value Measured quantity value (dB)
POWER_HEADROOM_1 5<PH<8
POWER_HEADROOM_2 8 < PH <11
POWER_HEADROOM_3 PH> 11

Table 2: PHR for UEs selecting NPRACH CE level 1 or 2.

Reported value Measured quantity value (dB)
POWER_HEADROOM_0 -54 <PH<-10
POWER_HEADROOM_1 “10<PH<-2
POWER_HEADROOM_2 -2<PH<6
POWER_HEADROOM_3 PH>6

[0034] Forexample, if one assumes a UE 102 is currently in a cell where Pgyax ¢ = 23 dBm, Pg nominaL NPuscH,cl)
=-116 dBm, Py ye_npusc H,cl) = 0 dB and a,(1) = 1, UE 102B from Figure 3 would calculate Power Headroom (PH)
=23 -(-116 + 134) = 23 - 18 = 5 dB and would therefore report PHR 1 (assuming the mapping in Table 1 is employed).
Depending on this received PHR, the network node 106 can use it to increase the number of sub-carriers assigned to
the UE from 1 to 3. As a result, the UE 102 would increase its UL power to 23 dBm.

[0035] UE 102A of Figure 4B would calculate PH =23 - (-116 + 164) = 23 — 18 = -25 dB and report PHR 0 (assuming
the mapping in Table 2 is used). Upon receiving such a PHR message, the network node 106 will recognize that the UE
is in deep coverage and needs to be assigned many repetitions.

[0036] Extending such support for the PHR report beyond just RA Message 3 transmission is part of the scope of the
NB-loT Release 15 (Rel-15) work items. It has been observed in early NB-loT field trials that the power and CE level
ramping procedure described above may cause UEs 102 experiencing relatively good network coverage to nevertheless
ramp from CE level 0 to CE level 1, and thereby unnecessarily operate at full power. In these examples, the CElevel
ramping can be caused by shortage of RA response resources or by high levels of UL or DL interference causing access
attempts to fail. In fact, since a UE 102 in CE 0 may be close to the serving base station this behavior may expose the
base station to high interference levels.

[0037] Solutions to these problems have been proposed, but these proposed solutions have problems of their own.
For instance, it has been proposed that a UE 102 be required to perform NB-loT NPRACH power control when a it
changes from CE level 0 to CE level 1 or 2. In one proposed implementation, a UE 102 that has changed from CE level
0 to another CE level can use the CE level 0 power ramping procedure at the new CE level. In another proposed solution,
a network node 106 (e.g., eNB) can signal if it supports an updated (e.g., Rel-13) NB-loT NPRACH power control
procedure to use the NPRACH level 0 power control method in all NPRACH levels, whereby the UE 102 receiving such
a signal from the network node 106 can optionally use the updated NPRACH power control if it has been implemented
in the UE 102.

[0038] Simply reusing the CE level 0 power control procedures in all NPRACH levels cannot solve the mentioned
problem, however. Specifically, one with such proposals is that it may not be suitable to reuse the CE level 0 pream-
blelnitialReceivedTargetPower level for CE levels 1 and 2 and simply scale it with the repetition number configured for
CE level 1 and 2. In particular, for a network limited by interference, CE levels 1 and 2 may be used to overcome high
interference levels, and in such cases it is not suitable to reduce the preamblelnitialReceivedTargetPower by a factor
of 10log10(numRepetitionPerPreambleAttempt) as specified for CE level 0.

[0039] Furthermore, for a UE 102 accessing the system on CE level 1 or 2, the network node 106 would assume the
accessing UE 102 is under extended coverage conditions and may therefore schedule the subsequent RA Message 3
(i.e., connection request) with repetitions. As mentioned above, if Message 3 is scheduled with repetitions according to
a CE level, for instance, then the UE 102 would transmit the NPUSCH carrying Message 3 with full power. Therefore,
when a UE is transmitting Message 3, it may still cause similar interference problems as identified above in the NPRACH.
[0040] Accordingly, the present disclosure presents example embodiments that venture to solve the problems sur-
rounding interference issues caused by UEs in good coverage using NPRACH CE levels 1 or 2 for Message 3 trans-
missions with full uplink (UL) transmission power due to CE level ramping. For instance, one example solution proposed
by embodiments described herein is to set the targeted signal power level in a given CE level N based on the coupling
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or path loss associated with the threshold for selecting the CE level N.

[0041] In addition, for UEs 102 that initially choose NPRACH CE level 0 and later ramp up to other NPRACH CE levels
1 or 2, not only is NPRACH power control required, but other means need to be introduced to further control the
transmission power utilized for transmission of the subsequent Message 3 by the UE 102 to help control the interference.
For example, in a first solution proposed by the present disclosure, a network node 106 can be informed that a UE 102
accessing CE level 1 or 2 is actually a CE level 0 device using power control. By following this proposed paradigm, the
eNB can avoid allocating an unnecessarily high number of repetitions and transmitting Message 3 and any further
transmissions at full (or unnecessarily high) transmission power levels.

[0042] Each of these techniques for addressing these and other problems with existing attempted solutions will be
expanded upon in further detail below and in reference to the attached Figures. For instance, in a first embodiment an
open-loop power control technique can be implemented in a UE 102, whereby a transmission power for a transmission
(e.g., RA Message 1, Message 3, efc.) is determined by the UE for a particular CE level. In an aspect, where such a CE
level is CE level 1, the transmission power Pypracy €an be determined by the UE 102 according to the following
expression:

PnpracH = min{ PCMAXC (i), NARROWBAND_PREAMBLE_RECEIVED TARGET_POWER + PLc}

[dBm]

where in some example embodiments the NARROWBAND_PREAMBLE RECEIVED TARGET _POWER is set to:

23 dBm - CLCE,ThJ

where CL¢g 14, 1 represents the coupling loss threshold for CE level 1.

[0043] In an additional aspect of the present disclosure, a technique for determining a transmission power PypracH
for UEs 102 operating according to CE level 2 is presented. For instance, according to such a technique, the transmission
power used by the UE 102 using such a CE level 2 can be determined according to:

Preracr = min{ Py, (i), NARROWBAND_PREAMBLE_RECEIVED TARGET POWER + PLc } [dBm]

with the NARROWBAND PREAMBLE RECEIVED TARGET POWER set to:

23 dBm - CLce 2

where CL ¢ 73,  represents the coupling loss threshold for CE level 1.
[0044] In yet another example embodiment for addressing the above-introduced issues, a shift or "adjusting factor"
of Y dB of the NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER in CE level X is specified as:

23dBm- Clcemx-Y

[0045] In a further aspect, a network node 106 can signal the adjusting factor Y to adjust the UE estimated coupling
loss, or pathloss, or the preamble received target power for any CE level.

[0046] Inadditiontothose example aspectsintroduced above, in some example embodiments of the presentdisclosure,
a set of NPRACH preambles in some relatively higher CE levels can be reserved for use by the UE 102 as the CE and
associated power level and/or transmission repetitions ramps up from lower CE levels. For example, in a non-limiting
example, after finishing the maximum NPRACH attempts in CE level 0, instead of using the regular NPRACH preambles
for CE level 1, in certain embodiments of the present disclosure, the UE 102 can use a special set of NPRACH preambles
reserved in CE level 1 to continue the NPRACH procedure. In this way, the network node 106 can identify these UEs
102 and can potentially schedule less repetitions for UE transmissions of Message 3 to allow the Message 3 NPUSCH
to be effectively power controlled.

[0047] Also, the network node 106 can issue Transmission Power Control (TPC) commands (or similar commands or
information - non-exclusive examples include, in some examples, preferred received power target, pathloss adjustments,
and so on) in Message 2 to further adjust the transmission power of Message 3. Furthermore, the network node 106



10

15

20

25

30

35

40

45

50

55

EP 3 632 167 B9

that implements these techniques can set aside a special set of preambles just for the above-mentioned purpose. In
addition, in some examples, the UE 102 can optionally apply power control for RA Message 3 based on whether the UE
102 ramped up from CE level 0 (in which case power control should be used, in an example) or if the UE did not ramp
up, and instead, initially selected its CE level as CE level 1 or CE level 2 (in which case power control would not be
utilized, as in Rel-13 operation).

[0048] Toimplementsuch a feature and/or corresponding signaling, the network node 106 can utilize explicit signaling
in Message 2 (RA resource grant message, or "Random Access Response" (RAR) message) or can indicate necessary
information to the UE 102 implicitly by using a combination of different fields, which can include existing fields or new
fields. Specifically, these different fields of the RAR message could be used (a) to indicate whether the UE 102 is to
apply power control for RA Message 3 (e.g., via binary using one of the available 'R’-bits) or (b) to transmit one or more
TPC messages to the UE 102 based on the Message 1 preamble reception.

[0049] It is also worth noting that the RSRP measurement accuracy of UEs is relatively poor—and accordingly, it is
not uncommon for UEs 102 utilizing CE level 0 to incorrectly identify the NPRACH resource to be utilized for RA Message
1 transmission for UEs 102 using CE level 1. The above solution could be a way for the network to either enable power
control for RA Message 3 transmission or even directly regulate the UEs transmission power by sending a TPC in RA
Message 2, either of which can be based on the high energy detected in the reception of Message 1.

[0050] Practically speaking, the TPC information must be somehow transmitted to the UE 102 appropriately. In an
aspect of the present disclosure, consider the example Medium Access Control (MAC) RAR message structure 60
presented in Figure 6. As shown in the example RAR structure 60, there are a total of six reserved 'R’-bits in the example
NB-loT RAR message structure 60, each of which could be used purposes of conveying the TPC messages/commands
to a particular UE 102. In other words, these reserved 'R’-bits could be used to either indicate whether or not the UE it
should apply power control for Message 3 (e.g. binary using 1 'R’-bit) or send a TPC to the UE based on the Message
1 preamble reception.

[0051] The following additional aspects represent example techniques contemplated by the present disclosure for
improving RA Message 3 transmission power control. Again, with reference to the following techniques, necessary
information can be signaled between the network node 106 and/or UE 102 explicitly or implicitly by using one field or a
combination of different fields (existing or new fields).

[0052] For instance, in an example embodiment related to Message 3 transmission power control,
NARROWBAND_PREAMBLE RECEIVED TARGET POWER (as defined above) can represent a target power level for
the Message 3 NPUSCH transmissions, and can represent the target power level in some instances regardless of the
number of repetitions used on the NPUSCH containing Message 3 for a particular CE level. In addition, in an aspect, if
a UE 102 ramps from arelatively lower NPRACH CE level to higher NPRACH CE level, and if the Message 3 transmission
is scheduled with repetitions, the UE 102 can adjust its transmission power P for Message 3 from the maximum config-
urable transmission power as a function of the number of repetitions scheduled for Message 3 according to the following
relation:

P = Pcuax.c- 10 * log10(number of NPUSCH repetitions)

[0053] In a further example embodiment, if a UE 102 ramps up its NPRACH power within a particular CE level after
a given number of attempts, and if the Message 3 transmission is scheduled with repetitions, the UE 102 may adjust its
transmission power of Message 3 with respect the number of repetitions scheduled for Message 3. Additionally, in an
aspect of the present disclosure, in a situation in which UE 102 ramps from lower NPRACH CE level to higher NPRACH
CE level, the UE 102 can indicate to the network node 106 in Message 3 that it has ramped up from a lower NPRACH
CE level in addition to providing information related to any aspects of Message 1 and/or Message 3 power control
discussed herein.

[0054] Moreover, in a further example aspect of the present embodiments, the network node 106 can be configured
to assist in the solutions highlighted herein. For instance, in some examples, the network node 106 can be configured
to issue transmission power control (TPC)-related commands or information in Message 2, thereby assisting the UE
102 with adjusting the transmission power of Message 3 (or maybe subsequent NPUSH transmissions). In a related
aspect, TPC-related commands or information can be transmitted by the network node 106 in system information (S1)/SIBs
to help the UE with adjust the transmission power of Message 3 (and/or subsequent NPUSH transmissions). Non-
exclusive examples of the information included in these TPC-related commands or Sl can include, e.g., the preferred
network node 106 received power target, information or commands for adjusting factors of pathloss estimation for some
coverage levels (e.g., related to the number of repetitions used by Message 3), and so on.

[0055] Turning to a further RA procedure enhancement envisioned by the present disclosure, a UE 102 can assist the
network node 106 (and network, generally) in ensuring that an optimal PHR mapping is utilized. As mentioned above,
currently, the PHR mapping to be used for communication between the UE 102 and network node 106 is coupled to the

10



10

15

20

25

30

35

40

45

50

55

EP 3 632 167 B9

selected CE level—namely, a UE 102 in CE level 0 should use Table 1 above, while a UE in CE level 1 or 2 should use
Table 2. A UE 102 in good coverage making the transition from CE level 0 to CE level 1 is obligated under such a
paradigm use a PHR according to Table 2 when accessing in CE 1 even though Table 1 is better suited to capture the
power headroom of such a UE.

[0056] To address this issue, one solution envisioned by the present disclosure would be to introduce a code point in
Message 3 that allows the UE to inform the network node 106 of which PHR mapping table it should use. For instance,
a UE 102 in good coverage could then indicate the use of the PHR mapping in Table 1 above, regardless of the NPRACH
CE level it uses for its initial access.

[0057] In an example embodiment employing such a technique, a spare bit in Message 3 could be used to indicate
which of the available PHR mapping tables were used/are being used by the UE 102. In another aspect, a spare bit in
the data volume and power headroom report (DPR) MAC CE sent in Message 3 could be used to indicate which of the
PHR mapping tables was used. In some examples, a new MAC control element is introduced for this indication, and
since only two tables are available candidates for use by the UE 102 in some instances, as little as a single bit may be
required to indicate which PHR table to use. Figure 5B illustrates how the DPR can be constructed to meet this end
according to an example aspect of the present disclosure. In the DPR MAC control element shown in Figure 5B, the 'R’-
bits are reserved bits which could be used for indicating the PHR mapping table used by the UE 102. Furthermore, the
network node 106 cound be configured to specify in system information that one 'R’-bit is used to indicate which PHR
table is used (e.g., 'R=0: Table 1, ’'R=1": Table 2, or vice versa).

[0058] In yet another example aspect, the PHR table could be indicated using a logical channel ID (LCID) in a MAC
PDU sent in the uplink shared channel (UL-SCH). Accordingly, in some examples, either a new LCID reserved in the
specification for this purpose could be used to indicate when a PHR table other than specified in Rel-13 operation is
used, or two new LCIDs may be used that each correspond directly to Table 1 and Table 2. As seen from Table 3 below
reproduced from 3GPP TS 36.321, there are several reserved LCID values which could be used for this purpose, as
indicated by the emphasized entries:

Table 3: Values of LCID for UL-SCH

Index LCID values
00000 CCCH

00001-01010 Identity of the logical channel
01011 CCCH

01100-10100 Reserved
10101 SPS confirmation
10110 Truncated Sidelink BSR
10111 Sidelink BSR
11000 Dual Connectivity Power Headroom Report
11001 Extended Power Headroom Report
11010 Power Headroom Report
11011 C-RNTI
11100 Truncated BSR
11101 Short BSR
11110 Long BSR
11111 Padding

[0059] In an additional alternative contemplated by the present techniques, one or more bits can be reserved in a
Radio Resource Control (RRC) message transmitted by the UE 102 as part of Message 3, the RRC message indicating
which PHR table is used by the UE 102. Such RRC messages could include, but are not limited to, the RRC Connection
Request and RRC Connection Resume Request transmitted by UE 102.

[0060] Further possibilities for a UE 102 to provide an indication regarding which PHR table is used by the UE 102
can include a new encoding format for Message 3 corresponding to a first grant by the network node 106. A non-limiting
example is to perform an exclusive-or (XOR) function of a known binary vector over cyclic redundancy check (CRC) bits
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of the encoded Message 3 corresponding to the first grant. In yet another possible implementation, the indication of
which PHR table is used by the UE 102 is made via a new modulation format for Message 3 corresponding to the first
grant. A non-limiting example is to use a negative rotation index for the Message 3 modulation corresponding to the first
grant. This corresponds to transmitting the NB-loT NPUSCH Format 2 using - n/2-BPSK and -n/4-QPSK modulation.
[0061] In sum, the proposed example solutions above allow a network, including its network nodes 106, and UEs 102
accessing the network, to use a flexible uplink transmission power limitation to allow for improved UE 102 operation in
extended coverage without the use of techniques that unnecessarily overconsume radio resources and thereby improve
the uplink link budget.

[0062] Despite having particular applicability to NB-IoT, the example embodiments introduced by the present paper
can likewise be applied to other wireless networks, including enhanced Machine-Type Communications (eMTC) as well
as to successors of the Evolved Universal Mobile Telecommunications System (UMTS) Terrestrial Radio Access Network
(E-UTRAN). Thus, references herein to signals using terminology from the 3GPP standards for Long-Term Evolution
(LTE) should be understood to apply more generally to signals having similar characteristics and/or purposes, in other
networks. This applies both to the descriptions of the example embodiments provided above as well as the example
embodiments introduced below in reference to the remaining figures.

[0063] Figures 6A illustrates an example method 600 performed by a UE 102 for performing random access in a
wireless communication system 10. In accordance with certain aspects introduced above, method 600 includes, at block
602, determining a transmission power with which the UE 102 is to transmit a random access preamble while operating
within a certain coverage enhancement level. In a requirement of method 600, the transmission power is determined by
the UE 102 as a function of a target receive power with which the random access preamble transmission is targeted to
be received by a network node. In addition, the determined transmission power is a function of a path loss between the
UE 102 and a network node 106.

[0064] Furthermore, at block 604, the method 600 includes the UE transmitting the random access preamble using
the determined transmission power while operating within the certain coverage enhancement level. Method 600 also
includes, at block 606, the UE 102 determining another transmission power with which the UE 102 is to transmit a
connection request in the random access procedure. This other transmission power is determined as a function of the
target receive power with which the random access preamble transmission was targeted to be received. In addition,
although the transmission power of block 602/604 can be of a different power value (e.g. in dB), this is not a requirement.
Instead, these transmission values may in some instances be the same or about the same. For purposes of the present
disclosure, the distinction "another" or "other" when referring to a transmission power does not, therefore, refer to a
degree of power or a power value, but instead to the distinctness of the individual transmission powers with which
transmissions (e.g., Message 1 and Message 3 of an RA procedure) can be transmitted to a network node 106. With
that distinction in mind, in a further aspect of method 600, at block 608, the UE 102 can transmit the connection request
(i.e. RA Message 3) using the determined other transmission power.

[0065] In addition to the above-recited aspects of method 600, other aspects not explicitly disclosed in Figure 6. For
instance, the target receive power is a function of a configured UE transmission power minus at least a path loss threshold
for operating within with the certain coverage enhancement level. In other examples, the target receive power is a function
of a configured UE transmission power minus at least the path loss threshold for operating within the certain coverage
enhancement level and a defined shift. In some embodiments method 600 includes receiving signaling indicating the
defined shift, for instance, from a the defined shift is associated with the certain coverage enhancement level.

[0066] In some example embodiments, method 600 can further include the UE 102 selecting to transmit a random
access transmission using the certain coverage enhancement level responsive to random access having failed using a
different coverage enhancement level than the certain coverage enhancement level. For examples that implement this
example aspect, the different coverage enhancement level can be associated with fewer transmission repetitions and/or
a lower transmission power relative than the certain coverage enhancement level (i.e., a lower CE level). In some
instances, method 600 can include the UE 102 selecting to transmit a random access transmission using the certain
coverage enhancement level even though the path loss experienced by the UE is lower than the path loss threshold for
operating within the certain coverage enhancement level.

[0067] Asintroducedabove, determiningthe transmission power and/or the other transmission power can be performed
according to: Pypracy = Min{Pcopmax ¢ » NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER + PL} [dBm],
with the NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER set to Poyax c — CLce 1h x, where CLge 1y x
is a coupling loss threshold associated with coverage enhancement level X, where Pgyax ¢ is @ configured UE trans-
mission power, and where is a path loss estimate calculated in the UE. In such examples, coverage enhancement level
X can be the certain coverage enhancement level of any of the previously described example embodiments.

[0068] In a further aspect, the random access preamble transmission of method 600 can include a set of random
access preambles thatindicate that random access preamble transmission failed using a different coverage enhancement
level than the certain coverage enhancement level. In some instances, the set of random access preambles further
indicates the certain coverage enhancement level.
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[0069] Figures 6B illustrates another example method 610 performed by a UE 102 for performing random access in
a wireless communication system 10. As shown in Figure 6B, method 610 includes determining a transmission power
with which the UE is to transmit a connection request as part of a random access procedure at block 612. In an aspect,
the transmission power is determined as a function of a number of repetitions with which the connection request is to
be transmitted (and/or an associated CE level). In addition, at block 614, method 610 can include transmitting the
connection request with the determined transmission power.

[0070] Figure 6C presents a flow diagram illustrating another example method 620 of the present disclosure that is
performed by a UE 102 for performing random access in a wireless communication system 10. In an aspect, method
620 can include, at block 622, determining a transmission power with which the UE 102 is to transmit a connection
request 114 (i.e., RA Message 3) as part of a random access procedure. In some examples, the transmission power is
determined as a function of signaling received in a random access response (RA Message 2 112) of the random access
procedure or received in system information, such as in a SIB transmitted by a network node 106. In addition, at block
624, the method 620 can include the UE 102 transmitting the connection request with the determined transmission power.
[0071] Furthermore, although not explicitly included in Figure 6C, method 620 can include other example features,
including the following. For instance, in some examples, the signaling indicates a received power target corresponding
to the network node 106. Likewise, in some instances, the signaling includes one or more bits that indicate whether or
not the UE 102 is to apply power control for one or more connection request transmissions. In an additional aspect, the
signaling comprises a repetition level, a power level, and/one or more adjustment factors for path loss estimation for
one or more coverage levels. The signaling can also include a number or repetitions to be utilized for random access
preamble or connection request transmission, and/or one or more other parameters to be utilized for computing the
power level to be used by the UE 102 for transmission of any random access message. Additionally or alternatively, the
signaling can include one or more transmission power control (TPC) messages. In these examples or any other, the
signaling can optionally indicate an adjustment factor for adjusting path loss estimation for a coverage level.

[0072] Figure 6D shows an additional method 630 according to the present disclosure. Like the methods disclosed in
Figures 6A-6C, the method 630 of Figure 6D is performed by a UE 102 in a wireless communication system 10. The
method includes, at block 632, transmitting signaling to a network node indicating a coverage enhancement level asso-
ciated with a coupling loss experienced by the UE.

[0073] Likewise, Figure 6E shows another method 640 performed by a UE 102 in a wireless communication system
10. The method 640 includes a UE 102, responsive to a failed random access attempt, transmitting signaling to a network
node indicating ramping of a coverage enhancement level used by the UE 102 for random access.

[0074] In addition, Figure 6E shows another method 640 performed by a UE 102 in a wireless communication system
10. The method 640 includes, at block 642, responsive to a failed random access attempt, transmitting signaling to a
network node indicating ramping of a coverage enhancement level used by the UE 102 for random access.

[0075] Figure 6F shows a further example method 650 performed by a UE 102 in a wireless communication system
10. The method 650 includes, at block 652, transmitting a message to a network node 106 at a transmission power
level. According to method 650, the message includes an indication of a power headroom table utilized by the UE for
determining the transmission power level.

[0076] In addition, Figure 7 illustrates an example method 700 of the present disclosure performed by network node
106. Although these aspects are presented in a single illustration in Figure 7 and a single method 700, each aspect may
stand alone or in combination with the other aspects. For instance, in method 700, the network node 106 may receive
signaling from a UE 102 indicating ramping of a coverage enhancement level used by a UE 102 for random access, at
block 702. In addition, at block 704, based on the received signaling, the network node 106 may determine a repetition
level, a power level, and/or one or more parameters to be utilized for computing the power level to be used by the UE
102 for transmission of a random access message. Furthermore, at block 706, the network node 106 may transmit the
signaling to the UE 102.

[0077] A network node 106 herein (which may also be referred to as a radio node) is any type of node (e.g., a base
station or wireless communication device) capable of communicating with another node over radio signals. A network
node/equipment 106 is any type of radio node/equipment capable and/or configured to operate within a wireless com-
munication network, such as a base station. A network node 106 is any type of node capable and/or configured to operate
within a wireless communication network, whether within a radio access network or a core network of the wireless
communication network.

[0078] A UE 102 according to the present disclosure is any type of device capable of communicating with a network
node using radio signals. A UE 102 may therefore refer to a machine-to-machine (M2M) device, a machine-type com-
munications (MTC) device, a NB-loT device, efc. A UE 102 may also be referred to as a wireless communication device,
a radio device, a radio communication device, a wireless terminal, or simply a terminal - unless the context indicates
otherwise, the use of any of these terms is intended to include device-todevice UEs or devices, machine-type devices
or devices capable of machine-to-machine communication, sensors equipped with a wireless communication device,
wireless-enabled table computers, mobile terminals, smart phones, laptop-embedded equipped (LEE), laptopmounted
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equipment (LME), Universal Serial Bus (USB) dongles, wireless customer-premises equipment (CPE), efc. In the dis-
cussion herein, the terms machine-to-machine (M2M) device, machine-type communication (MTC) device, wireless
sensor, and sensor may also be used. It should be understood that these devices may be a UE 102.

[0079] In an loT scenario, a UE 102 as described herein may be, or may be comprised in, a machine or device that
performs monitoring or measurements, and transmits the results of such monitoring measurements to another device
or a network. Particular examples of such machines are power meters, industrial machinery, or home or personal
appliances, e.g. refrigerators, televisions, personal wearables such as watches efc. In other scenarios, a wireless com-
munication device as described herein may be comprised in a vehicle and may perform monitoring and/or reporting of
the vehicle’s operational status or other functions associated with the vehicle.

[0080] Note that the UE 102 (e.g., UE) as described above may perform the processing herein by implementing any
functional means or units. In one embodiment, for example, the UE 102 comprises respective circuits or circuitry con-
figured to perform the steps shown in Figures 6A-6E. The circuits or circuitry in this regard may comprise circuits dedicated
to performing certain functional processing and/or one or more microprocessors in conjunction with memory. In embod-
iments that employ memory, which may comprise one or several types of memory such as read-only memory (ROM),
random-access memory, cache memory, flash memory devices, optical storage devices, efc., the memory stores program
code that, when executed by the one or more processors, carries out the techniques described herein.

[0081] In this description, coupling loss (CL) is the term used to describe the loss in signal strength between the
transmitting node and the receiving node, where a UE 102 or a network node 106 can be the transmitting or receiving
node, or vice versa. The 3GPP specifications referred to are using the term path loss (PL) to describe this loss in signal
strength. Accordingly, although certain examples use the term path loss or coupling loss, the other term (either coupling
loss or path loss, respectively) could be substituted for an alternative embodiment.

[0082] Figure 8A illustrates additional details of a UE 102 (or, more generally, a wireless communication device) in
accordance with one or more embodiments. As shown, the UE 102 includes processing circuitry (also referred to herein
as a processor, one or more processors, processing unit (s) and the like) 820 and radio circuitry 810. The radio circuitry
810 is configured to transmit via one or more antennas 840. The processing circuitry 820 is configured to perform
processing described above, e.g., in Figures 6A-6F, such as by executing instructions stored in memory 830. The
processing circuitry 820 in this regard may implement certain functional means or units.

[0083] Figure 8B illustrates a UE 102 (or, more generally, a wireless communication device) that according to other
embodiments implements various functional means or units, e.g., via the processing circuitry (or processor(s) or one or
more processors) 820 in Figure 8A. As shown, these functional means or units implement the methods presented in
Figures 6A-6F (other modules/units for doing so may not be explicitly shown). For instance, Figure 8B shows that the
UE 102 can include a transmission power determining module or unit 850 that can be configured to determine a trans-
mission power for one or more transmissions to a network node 106, including but not limited to an RA preamble 112
transmission and/or the transmission of an RA connection request message 116. In addition, Figure 8B shows that the
UE 102 can include a transmitting module or unit 860, which can be configured to transmit the one or more transmissions
to the network node 106 using the determined transmission power(s) determined in the transmission power determining
module or unit 850.

[0084] Figure 9A illustrates additional details of a network node 106 (e.g., a network access device for a wireless
communication network, such as a gNB, eNB, nodeB, base station, etfc.). As shown, the network node 106 includes
processing circuitry 920 and radio circuitry 910. The radio circuitry 910 is configured to transmit via one or more antennas
940. The processing circuitry 920 is configured to perform processing described above, e.g., in Figure 7, such as by
executing instructions stored in memory 930. The processing circuitry 920 in this regard may implement certain functional
means or units.

[0085] Figure 9B illustrates network node 106 (e.g., a base station) that implements various functional means or units,
e.g., via the processing circuitry 920 in Figure 9A. These functional means or units, e.g., for implementing the method
in Figure 7, include for instance a signal receiving module or unit 950 for receiving signaling from a UE 102, which can
include a random access channel transmission or other signaling, such as those that may indicate information relevant
to the communications between the UE 102 and network node 106, which may include a CE level of the UE 102, a
number of repetitions the UE 102 will be using for transmissions, an indication that the UE 102 is or is not ramping
transmission power or changing CE levels, among other possible control signaling. Also included may be a determing
module or unit 960 for processing random access channel messages received from the UE 102 to determine information
regarding RA transmissions originating from the UE 102.

[0086] Those skilled in the art will also appreciate that examples herein further include corresponding computer pro-
grams. A computer program comprises instructions which, when executed on at least one processor of equipment (e.g.,
UE or radio network equipment), cause the equipment to carry out any of the respective processing described above.
A computer program in this regard may comprise one or more code modules corresponding to the means or units
described above.

[0087] Examples further include a carrier containing such a computer program. This carrier may comprise one of an
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electronic signal, optical signal, radio signal, or computer readable storage medium. In this regard, embodiments herein
also include a computer program product stored on a non-transitory computer readable (storage or recording) medium
and comprising instructions that, when executed by a processor of equipment, cause the equipment to perform as
described above. Embodiments further include a computer program product comprising program code portions for
performing the steps of any of the embodiments herein when the computer program product is executed by a computing
device. This computer program product may be stored on a computer readable recording medium.

[0088] The example aspects of the disclosure presented below may be included in and/or may add features to one
ormore embodiments presented in the disclosure above. In some cases, the example aspects of the disclosure presented
below form aspects of one or more embodiments that are at least partially distinct from the one or more embodiments
presented above. In any case, this Appendix forms part of the present Application.

[0089] Figure 10 schematically illustrates a telecommunication network connected via an intermediate network to a
host computer. With reference to Figure 10, a communication system includes a telecommunication network A-10, such
as a 3GPP-type cellular network, which comprises an access network A-11, such as a radio access network, and a core
network A-14. The access network A-11 comprises a plurality of base stations A-12a, A-12b, A-12c, such as NBs, eNBs,
gNBs or other types of wireless access points (e.g. network nodes 106), each defining a corresponding coverage area
A-13a, A-13b, A-13c. In an aspect, any of base stations A-12a, A-12b, A-12c, or any other base stations described
herein may be considered to be a network node, for instance, if such as network node is described above in the present
Application. Each base station A-12a, A-12b, A-12c is connectable to the core network A-14 over a wired or wireless
connection A-15. A first user equipment (UE) A-91 (i.e. UE 102) located in coverage area A-13c is configured to wirelessly
connect to, or be paged by, the corresponding base station A-12c. A second UE A-92 in coverage area A-13ais wirelessly
connectable to the corresponding base station A-12a. While a plurality of

[0090] UEs A-91, A-92 are illustrated in this example, the disclosed embodiments are equally applicable to a situation
where a sole UE is in the coverage area or where a sole UE is connecting to the corresponding base station A-12. In
an aspect, any of these UEs, or any other UE described herein may be considered to be configured to perform the
aspects of any UE, user terminal, client device, or mobile device described above in the present Application.

[0091] The telecommunication network A-10 is itself connected to a host computer A-30, which may be embodied in
the hardware and/or software of a standalone server, a cloud-implemented server, a distributed server or as processing
resources in a server farm. The host computer A-30 may be under the ownership or control of a service provider, or
may be operated by the service provider or on behalf of the service provider. The connections A-21, A-22 between the
telecommunication network A-10 and the host computer A-30 may extend directly from the core network A-14 to the
host computer A-30 or may go via an optional intermediate network A-20. The intermediate network A-20 may be one
of, or a combination of more than one of, a public, private or hosted network; the intermediate network A-20, if any, may
be a backbone network or the Internet; in particular, the intermediate network A-20 may comprise two or more sub-
networks (not shown).

[0092] The communication system of Figure 10 as a whole enables connectivity between one of the connected UEs
A-91, A-92 and the host computer A-30. The connectivity may be described as an over-the-top (OTT) connection A-50.
The host computer A-30 and the connected UEs A-91, A-92 are configured to communicate data and/or signaling via
the OTT connection A-50, using the access network A-11, the core network A-14, any intermediate network A-20 and
possible further infrastructure (not shown) as intermediaries. The OTT connection A-50 may be transparent in the sense
that the participating communication devices through which the OTT connection A-50 passes are unaware of routing of
uplink and downlink communications. For example, a base station A-12 may not or need not be informed about the past
routing of an incoming downlink communication with data originating from a host computer A-30 to be forwarded (e.g.,
handed over) to a connected UE A-91. Similarly, the base station A-12 need not be aware of the future routing of an
outgoing uplink communication originating from the UE A-91 towards the host computer A-30.

[0093] Example implementations, of the UE, base station and host computer discussed in the preceding paragraphs
will now be described with reference to Fig. 11, which is shown below. Fig. 11 is a generalized block diagram of a host
computer communicating via a base station with a user equipment over a partially wireless connection.

[0094] In a communication system B-00, a host computer B-10 comprises hardware B-15 including a communication
interface B-16 configured to set up and maintain a wired or wireless connection with an interface of a different commu-
nication device of the communication system B-00. The host computer B-10 further comprises processing circuitry B-
18, which may have storage and/or processing capabilities. In particular, the processing circuitry B-18 may comprise
one or more programmable processors, application-specific integrated circuits, field programmable gate arrays or com-
binations of these (not shown) adapted to execute instructions. The host computer B-10 further comprises software B-
11, which is stored in or accessible by the host computer B-10 and executable by the processing circuitry B-18. The
software B-11 includes a host application B-12. The host application B-12 may be operable to provide a service to a
remote user, such as a UE B-30 connecting via an OTT connection B-50 terminating at the UE B-30 and the host
computer B-10. In providing the service to the remote user, the host application B-12 may provide user data which is
transmitted using the OTT connection B-50.
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[0095] The communication system B-00 further includes a base station B-20 provided in a telecommunication system
and comprising hardware B-25 enabling it to communicate with the host computer B-10 and with the UE B-30. The
hardware B-25 may include a communication interface B-26 for setting up and maintaining a wired or wireless connection
with an interface of a different communication device of the communication system B-00, as well as a radio interface B-
27 for setting up and maintaining at least a wireless connection B-70 with a UE B-30 located in a coverage area (not
shown in Fig. 11) served by the base station B-20.

[0096] The communication interface B-26 may be configured to facilitate a connection B-60 to the host computer B-
10. The connection B-60 may be direct or it may pass through a core network (not shown in Fig. 11) of the telecommu-
nication system and/or through one or more intermediate networks outside the telecommunication system. In the em-
bodiment shown, the hardware B-25 of the base station B-20 further includes processing circuitry B-28, which may
comprise one or more programmable processors, application-specific integrated circuits, field programmable gate arrays
or combinations of these (not shown) adapted to execute instructions. The base station B-20 further has software B-21
stored internally or accessible via an external connection.

[0097] The communication system B-00 further includes the UE B-30, which has already been referred to above. Its
hardware B-35 may include a radio interface B-37 configured to set up and maintain a wireless connection B-70 with a
base station serving a coverage area in which the UE B-30 is currently located. The hardware B-35 of the UE B-30
further includes processing circuitry B-38, which may comprise one or more programmable processors, application-
specific integrated circuits, field programmable gate arrays or combinations of these (not shown) adapted to execute
instructions. The UE B-30 further comprises software B-31, which is stored in or accessible by the UE B-30 and executable
by the processing circuitry B-38.

[0098] The software B-31 includes a client application B-32. The client application B-32 may be operable to provide
a service to a human or non-human user via the UE B-30, with the support of the host computer B-10. In the host
computer B-10, an executing host application B-12 may communicate with the executing client application B-32 via the
OTT connection B-50 terminating at the UE B-30 and the host computer B-10. In providing the service to the user, the
client application B-32 may receive request data from the host application B-12 and provide user data in response to
the request data. The OTT connection B-50 may transfer both the request data and the user data. The client application
B-32 may interact with the user to generate the user data that it provides.

[0099] It is noted that the host computer B-10, base station B-20 and UE B-30 illustrated in Fig. 11 may be identical
to the host computer A-30, one of the base stations A-12a, A-12b, A-12c and one of the UEs A-91, A-92 of Figure 10,
respectively. This is to say, the inner workings of these entities may be as shown in Fig. 10 and independently, the
surrounding network topology may be that of Figure 11.

[0100] In Fig. 11, the OTT connection B-50 has been drawn abstractly to illustrate the communication between the
host computer B-10 and the use equipment B-30 via the base station B-20, without explicit reference to any intermediary
devices and the precise routing of messages via these devices. Network infrastructure may determine the routing, which
it may be configured to hide from the UE B-30 or from the service provider operating the host computer B-10, or both.
While the OTT connection B-50 is active, the network infrastructure may further take decisions by which it dynamically
changes the routing (e.g., on the basis of load balancing consideration or reconfiguration of the network).

[0101] The wireless connection B-70 between the UE B-30 and the base station B-20 is described throughout this
disclosure. One or more of the various examples improve the performance of OTT services provided to the UE B-30
using the OTT connection B-50, in which the wireless connection B-70 forms the last segment. More precisely, the
teachings of these embodiments can improve one or more of data rate, latency, and/or power consumption associated
with one or more devices and/or communications of/performed in communication system B-00, and thereby can provide
benefits for OTT user data communication, such as one or more of reduced user waiting time, relaxed restriction on file
size, better responsiveness, and/or extended battery lifetime.

[0102] A measurement procedure may be provided for the purpose of monitoring data rate, latency and other factors
on which the one or more embodiments improve. There may further be an optional network functionality for reconfiguring
the OTT connection B-50 between the host computer B-10 and UE B-30, in response to variations in the measurement
results. The measurement procedure and/or the network functionality for reconfiguring the OTT connection B-50 may
be implemented in the software B-11 of the host computer B-10 or in the software B-31 of the UE B-30, or both.
[0103] Sensors (not shown) may be deployed in or in association with communication devices through which the OTT
connection B-50 passes; the sensors may participate in the measurement procedure by supplying values of the monitored
quantities exemplified above, or supplying values of other physical quantities from which software B-11, B-31 may
compute or estimate the monitored quantities. The reconfiguring of the OTT connection B-50 may include message
format, retransmission settings, preferred routing etc.; the reconfiguring need not affect the base station B-20, and it
may be unknown or imperceptible to the base station B-20.

[0104] Such procedures and functionalities may be known and practiced in the art. In certain embodiments, measure-
ments may involve proprietary UE signaling facilitating the host computer’s B-10 measurements of throughput, propa-
gation times, latency and the like. The measurements may be implemented in that the software B-11, B-31 causes
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messages to be transmitted, in particular empty or 'dummy’ messages, using the OTT connection B-50 while it monitors
propagation times, errors etc.

[0105] Figures 12,13, 14, and 15 (below) are flowcharts illustrating methods implemented in a communication system
including a host computer, a base station and a user equipment.

[0106] Fig. 12 is a flowchart illustrating a method implemented in a communication system.

[0107] The communication system includes a host computer, a base station and a UE which may be those described
with reference to Figures 10 and 11. For simplicity of the present disclosure, only drawing references to Fig. 12 will be
included in this section. In a first step C-10 of the method, the host computer provides user data.

[0108] In an optional substep C-11 of the first step C-10, the host computer provides the user data by executing a
host application. In a second step C-20, the host computer initiates a transmission carrying the user data to the UE.
[0109] In an optional third step C-30, the base station transmits to the UE the user data which was carried in the
transmission that the host computer initiated, in accordance with the teachings of the embodiments described throughout
this disclosure. In an optional fourth step C-40, the UE executes a client application associated with the host application
executed by the host computer.

[0110] Fig. 13 is a flowchart illustrating a method implemented in a communication system.

[0111] The communication system includes a host computer, a base station and a UE which may be those described
with reference to Figures 10 and 11. For simplicity of the present disclosure, only drawing references to Fig. 13 will be
included in this section. In a first step D-10 of the method, the host computer provides user data.

[0112] In an optional substep (not shown) the host computer provides the user data by executing a host application.
In a second step D-20, the host computer initiates a transmission carrying the user data to the UE. The transmission
may pass via the base station, in accordance with the teachings of the embodiments described throughout this disclosure.
In an optional third step D-30, the UE receives the user data carried in the transmission.

[0113] Fig. 14 is a flowchart illustrating a method implemented in a communication system.

[0114] The communication system includes a host computer, a base station and a UE which may be those described
with reference to Figures 10 and 11. For simplicity of the present disclosure, only drawing references to Fig. 14 will be
included in this section. In an optional first step E-10 of the method, the UE receives input data provided by the host
computer. Additionally or alternatively, in an optional second step E-20, the UE provides user data. In an optional substep
E-21 of the second step E-20, the UE provides the user data by executing a client application. In a further optional
substep E-11 of the first step E-10, the UE executes a client application which provides the user data in reaction to the
received input data provided by the host computer. In providing the user data, the executed client application may further
consider user input received from the user. Regardless of the specific manner in which the user data was provided, the
UE initiates, in an optional third substep E-30, transmission of the user data to the host computer. In a fourth step E-40
of the method, the host computer receives the user data transmitted from the UE, in accordance with the teachings of
the embodiments described throughout this disclosure.

[0115] Fig. 15is aflowchartillustrating a method implemented in a communication system. The communication system
includes a host computer, a base station and a UE which may be those described with reference to Figures 10 and 11.
For simplicity of the present disclosure, only drawing references to Fig. 15 will be included in this section. In an optional
first step F-10 of the method, in accordance with the teachings of the embodiments described throughout this disclosure,
the base station receives user data from the UE. In an optional second step F-20, the base station initiates transmission
of the received user data to the host computer. In a third step F-30, the host computer receives the user data carried in
the transmission initiated by the base station.

ABBREVIATIONS

[0116] The following abbreviations, unless defined otherwise above, are defined by the explanations below as used
in the present disclosure.

Abbreviation Explanation

[0117]

ACK Acknowledgement

CE Coverage Enhancement

CL Coupling Loss

CLR Coupling Loss Reporting

DPR Data Volume and Power Headroom Report
loT Internet of Things

MAC Medium Access Control
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MCL Maximum Coupling Loss

Msg1 Message 1

Msg3 Message 3

NACK Negative Acknowledgement

NB-loT narrow-band Internet of Things

NPDCCH  NB-loT Physical Downlink Control Channel
NPRACH  NB-loT Physical Random Access Channel
NPUSCH  NB-loT Physical Uplink Shared Channel
NRSRP NB-loT Received Signal Received Power
PDU Protocol Data Unit

PHR Power Headroom Report

PL Path Loss

RRC Radio Resource Control

SINR Signal-to-Interference and Noise Ratio
UE User Equipment

Claims

A method (600) performed by a user equipment (UE) (102) for performing a random access procedure in a wireless
communication system, the method comprising:

determining (602) a transmission power with which the UE (102) is to transmit a random access preamble (112)
while operating within a certain coverage enhancement level, wherein the transmission power is determined
as a function of:

atarget receive power with which the random access preamble transmission (112) is targeted to be received
by a network node (106),

and

a path loss between the UE (102) and the network node (106);

transmitting (604) the random access preamble (112) using the determined transmission power while operating
within the certain coverage enhancement level;

determining (606) another transmission power with which the UE (102) is to transmit a connection request (116)
in the random access procedure, wherein the other transmission power is determined as a function of the target
receive power with which the random access preamble transmission (112) was targeted to be received; and
transmitting (608) the connection request (116) using the determined other transmission power; characterized
in that the target receive power is a function of a configured UE (102) transmission power minus at least a path
loss threshold for operating within with the certain coverage enhancement level.

The method of claim 1, wherein the target receive power is a function of a configured UE (102) transmission power
minus at least the path loss threshold for operating within the certain coverage enhancement level and a defined
shift, wherein the defined shift is an adjusting factor.

The method of claim 2, further comprising receiving signaling indicating the defined shift.

The method of claim 3, wherein the defined shift is associated with the certain coverage enhancement level.

The method of any of claims 1-4, further comprising selecting to transmit a random access transmission using the
certain coverage enhancement level responsive to random access having failed using a different coverage enhance-

ment level than the certain coverage enhancement level.

The method of claim 5, wherein the different coverage enhancement level is associated with fewer transmission
repetitions and/or a lower transmission power relative than the certain coverage enhancement level.

The method of claim 5, wherein the different coverage enhancement level is associated with a greater number of
transmission repetitions and/or a higher transmission power relative than the certain coverage enhancement level.
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The method of any of claims 1-7, further comprising selecting to transmit a random access transmission using the
certain coverage enhancementlevel even though the path loss between the UE and the network node as experienced
by the UE (102) is lower than the path loss threshold for operating within the certain coverage enhancement level.

The method of any of claims 1-8, further comprising determining the transmission power according to:

Pneracr = min{ Py sy ., NARROWBAND_PREAMBLE

(112)_RECEIVED TARGET _POWER + PL_ } [dBm]

with the NARROWBAND_PREAMBLE (112)_RECEIVED TARGET_POWER set to:

Pemaxc — Clee mhx

where CLqg 1y, x is @ coupling loss threshold associated with coverage enhancement level X, where Poyax ¢ is @
configured UE (102) transmission power, and where PL ; is a path loss estimate calculated in the UE (102).

The method of claim 9, wherein coverage enhancement level X is the certain coverage enhancement level.

The method of any of claims 1-10, wherein the random access preamble transmission (112) comprises a set of
random access preambles (112) thatindicate that random access preamble transmission (112) failed using a different
coverage enhancement level than the certain coverage enhancement level.

A user equipment (UE) (102) performing a random access procedure in a wireless communication system, the UE
(102) being configured to:

determine a transmission power with which the UE (102) is to transmit a random access preamble (112) while
operating within a certain coverage enhancement level, wherein the transmission power is determined as a
function of:

atarget receive power with which the random access preamble transmission (112) is targeted to be received
by a network node (106), and
a path loss between the UE (102) and the network node (106);

transmit the random access preamble (112) using the determined transmission power while operating within
the certain coverage enhancement level;

determine another transmission power with which the UE (102) is to transmit a connection request (116) in the
random access procedure, wherein the other transmission power is determined as a function of the target
receive power with which the random access preamble transmission (112) was targeted to be received; and
transmit the connection request (116) using the determined other transmission power; characterized in that
the target receive power is a function of a configured UE (102) transmission power minus at least a path loss
threshold for operating within with the certain coverage enhancement level.

The UE (102) of claim 12, wherein the UE being further configured to perform the method of any of claims 2-11.

Patentanspriiche

1.

Verfahren (600), das durch eine Benutzereinrichtung (UE) (102) durchgefiihrt wird, zum Durchfiihren einer Direkt-
zugriffsprozedur in einem drahtlosen Kommunikationssystem, das Verfahren umfassend:

Bestimmen (602) einer Sendeleistung, mit der die UE (102) eine Direktzugriffspraambel (112) senden soll,
wahrend sie innerhalb eines bestimmten Abdeckungsverbesserungsniveaus arbeitet, wobei die Sendeleistung

in Abhangigkeit von Folgendem bestimmt wird:

einer Zielempfangsleistung, mit der die Direktzugriffsprdambelibertragung (112) zielgerichtet von einem
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Netzknoten (106) empfangen werden soll, und

einem Pfadverlust zwischen der UE (102) und dem Netzknoten (106);

Senden (604) der Direktzugriffspraambel (112) unter Verwendung der bestimmten Sendeleistung wahrend
des Betriebs innerhalb des bestimmten Abdeckungsverbesserungsniveaus;

Bestimmen (606) einer anderen Sendeleistung, mit der die UE (102) eine Verbindungsanforderung (116) in der
Direktzugriffsprozedur senden soll, wobei die andere Sendeleistung in Abhangigkeit von der Zielempfangsleis-
tung bestimmt wird, mit der die Direktzugriffspraambelibertragung (112) zielgerichtet empfangen werden soll;
und

Senden (608) der Verbindungsanforderung (116) unter Verwendung der bestimmten anderen Sendeleistung;
dadurch gekennzeichnet, dass die Zielempfangsleistung von der Sendeleistung einer konfigurierten UE (102)
minus mindestens einem Pfadverlustschwellenwert fiir den Betrieb innerhalb des bestimmten Abdeckungsver-
besserungsniveaus abhangig ist.

Verfahren nach Anspruch 1, wobei die Zielempfangsleistung von der Sendeleistung einer konfigurierten UE (102)
minus mindestens dem Pfadverlustschwellenwert fiir den Betrieb innerhalb des bestimmten Abdeckungsverbesse-
rungsniveaus und einer definierten Verschiebung abhangig ist, wobei die definierte Verschiebung ein Anpassungs-
faktor ist.

Verfahren nach Anspruch 2, ferner umfassend das Empfangen von Signalisierung, die die definierte Verschiebung
angibt.

Verfahren nach Anspruch 3, wobei die definierte Verschiebung mit dem bestimmten Abdeckungsverbesserungsni-
veau assoziiert ist.

Verfahren nach einem der Anspriiche 1 bis 4, ferner umfassend das Auswahlen, eine Direktzugriffsiibertragung
unter Verwendung des bestimmten Abdeckungsverbesserungsniveaus ansprechend darauf zu senden, dass Di-
rektzugriff unter Verwendung eines anderen Abdeckungsverbesserungsniveaus als des bestimmten Abdeckungs-
verbesserungsniveaus fehlgeschlagen ist.

Verfahren nach Anspruch 5, wobei das andere Abdeckungsverbesserungsniveau mit einer geringeren Anzahl von
Sendewiederholungen und/oder einer niedrigeren Sendeleistung relativ zu dem bestimmten Abdeckungsverbes-
serungsniveau assoziiert ist.

Verfahren nach Anspruch 5, wobei das andere Abdeckungsverbesserungsniveau mit einer gréReren Anzahl von
Sendewiederholungen und/oder einer héheren Sendeleistung relativ zu dem bestimmten Abdeckungsverbesse-
rungsniveau assoziiert ist.

Verfahren nach einem der Anspriiche 1 bis 7, ferner umfassend das Auswahlen, eine Direktzugriffsiibertragung
unter Verwendung des bestimmten Abdeckungsverbesserungsniveaus zu senden, selbst wenn der Pfadverlust
zwischen der UE und dem Netzknoten, wie er von der UE (102) erfahren wird, niedriger als der Pfadverlustschwel-

lenwert fiir einen Betrieb innerhalb des bestimmten Abdeckungsverbesserungsniveaus ist.

Verfahren nach einem der Anspriiche 1 bis 8, ferner umfassend das Bestimmen der Sendeleistung gemaf:

PNPRACH = ml n {PCMAX,C' NARROWBAND_PREMBLE
(112) RECEIVED TARGET POWER + PLc} [dBm]

wobei NARROWBAND_PREAMBLE (112)_RECEIVED_TARGET_POWER eingestellt ist auf:

Paax,c — ClLcz, th,x

wobei CLcg 11, « €in Kopplungsverlustschwellenwert ist, der mit dem Abdeckungsverbesserungsniveau X assoziiert
ist, wobei Pgoyax ¢ eine Sendeleistung der konfigurierten UE (102) ist, und wobei PL eine Pfadverlustschatzung
ist, die in der UE (102) berechnet wird.
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10. Verfahren nach Anspruch 9, wobei das Abdeckungsverbesserungsniveau X das bestimmte Abdeckungsverbesse-

1.

12.

rungsniveau ist.

Verfahren nach einem der Anspriiche 1 bis 10, wobei die Direktzugriffsprdambeliibertragung (112) einen Satz von
Direktzugriffsprdambeln (112) umfasst, die angeben, dass die Direktzugriffspraambellibertragung (112) unter Ver-
wendung eines anderen Abdeckungsverbesserungsniveaus als des bestimmten Abdeckungsverbesserungsni-
veaus fehlgeschlagen ist.

Benutzereinrichtung UE (102), die eine Direktzugriffsprozedur in einem drahtlosen Kommunikationssystem durch-
fuhrt, wobei die UE (102) konfiguriert ist zum:

Bestimmen einer Sendeleistung, mit der die UE (102) eine Direktzugriffspraambel (112) senden soll, wahrend
sie innerhalb eines bestimmten Abdeckungsverbesserungsniveaus arbeitet, wobei die Sendeleistung in Ab-
hangigkeit von Folgendem bestimmt wird:

einer Zielempfangsleistung, mit der die Direktzugriffsprdambelibertragung (112) zielgerichtet von einem
Netzknoten (106) empfangen werden soll, und

einem Pfadverlust zwischen der UE (102) und dem Netzknoten (106);

Senden der Direktzugriffspraambel (112) unter Verwendung der bestimmten Sendeleistung wahrend des
Betriebs innerhalb des bestimmten Abdeckungsverbesserungsniveaus;

Bestimmen einer anderen Sendeleistung, mit der die UE (102) eine Verbindungsanforderung (116) in der Di-
rektzugriffsprozedur senden soll, wobei die andere Sendeleistung in Abhangigkeit von der Zielempfangsleistung
bestimmt wird, mit der die Direktzugriffspréaambellibertragung (112) zielgerichtet empfangen werden soll; und
Senden der Verbindungsanforderung (116) unter Verwendung der bestimmten anderen Sendeleistung;
dadurch gekennzeichnet, dass die Zielempfangsleistung von der Sendeleistung einer konfigurierten UE (102)
minus mindestens einem Pfadverlustschwellenwert fiir den Betrieb innerhalb des bestimmten Abdeckungsver-
besserungsniveaus abhangig ist.

13. UE (102) nach Anspruch 12, wobei die UE ferner dazu konfiguriert ist, das Verfahren nach einem der Anspriiche 2

bis 11 durchzufihren.

Revendications

1.

Procédé (600) mis en ceuvre par un équipement utilisateur (UE) (102) pour mettre en ceuvre une procédure d’acceés
aléatoire dans un systéme de communication sans fil, le procédé comprenant :

la détermination (602) d’'une puissance de transmission avec laquelle 'UE (102) doit transmettre un préambule
d’accés aléatoire (112) tout en fonctionnant au sein d’un certain niveau d’amélioration de couverture, dans
lequel la puissance de transmission est déterminée en tant que fonction de :

une puissance de réception cible avec laquelle la transmission de préambule d’acces aléatoire (112) est
ciblée pour étre regue par un nceud de réseau (106), et
un affaiblissement de propagation entre 'UE (102) et le noeud de réseau (106) ;

la transmission (604) du préambule d’acces aléatoire (112) en utilisant la puissance de transmission déterminée
tout en fonctionnant au sein du certain niveau d’amélioration de couverture ;

la détermination (606) d’'une autre puissance de transmission avec laquelle I'UE (102) doit transmettre une
demande de connexion (116) dans la procédure d’accées aléatoire, dans lequel I'autre puissance de transmission
estdéterminée entant que fonction de la puissance de réception cible aveclaquelle latransmission de préambule
d’accés aléatoire (112) a été ciblée pour étre regue ; et

la transmission (608) de la demande de connexion (116) en utilisant I'autre puissance de transmission
déterminée ;

caractérisé en ce que la puissance de réception cible est une fonction d’'une puissance de transmission
configurée de 'UE (102) moins au moins un seuil d’affaiblissement de propagation pour fonctionner au sein du
certain niveau d’amélioration de couverture.
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Procédé selon la revendication 1, dans lequel la puissance de réception cible est une fonction d’'une puissance de
transmission configurée de 'UE (102) moins au moins le seuil d’affaiblissement de propagation pour fonctionner
au sein du certain niveau d’amélioration de couverture et un décalage défini, dans lequel le décalage défini est un
facteur d’ajustement.

Procédé selon la revendication 2, comprenant en outre la réception d’'une signalisation indiquant le décalage défini.

Procédé selon la revendication 3, dans lequel le décalage défini est associé au certain niveau d’amélioration de
couverture.

Procédé selon l'une quelconque des revendications 1 a 4, comprenant en outre la sélection pour transmettre une
transmission d’accés aléatoire en utilisant le certain niveau d’amélioration de couverture en réponse a un acces
aléatoire ayant échoué en utilisant un niveau d’amélioration de couverture différent du certain niveau d’amélioration
de couverture.

Procédé selon la revendication 5, dans lequel le niveau d’amélioration de couverture différent est associé a moins
de répétitions de transmission et/ou a une puissance de transmission plus basse par rapport au certain niveau
d’amélioration de couverture.

Procédé selon la revendication 5, dans lequel le niveau d’amélioration de couverture différent est associé a un plus
grand nombre de répétitions de transmission et/ou a une puissance de transmission plus élevée par rapport au
certain niveau d’amélioration de couverture.

Procédé selon l'une quelconque des revendications 1 a 7, comprenant en outre la sélection pour transmettre une
transmission d’accés aléatoire en utilisant le certain niveau d’amélioration de couverture alors que I'affaiblissement
de propagation entre I'UE et le nceud de réseau tel que subi par 'UE (102) est inférieur au seuil d’affaiblissement
de propagation pour fonctionner au sein du certain niveau d’amélioration de couverture.

Procédé selon 'une quelconque des revendications 1 a 8, comprenant en outre la détermination de la puissance
de transmission selon :

Pueracu = min{Pasmx,c, PUISSANCE CIBLE_RECUE_PREAMB ULE

10.

1.

12.

(112) BANDE ETROITE + PLc } [dBm]

avec la PUISSANCE_CIBLE_RECUE_PREAMBULE (112)_BANDE_ ETROITE réglée sur :

Paax,c — ClLcz, th,x

ol CLcg 1h x €st un seuil de perte de couplage associé a un niveau d’amélioration de couverture X, ot Poyax ¢ st
une puissance de transmission configurée de I'UE (102), et ou PL est une estimation d’affaiblissement de propa-
gation calculée dans I'UE (102).

Procédé selon la revendication 9, dans lequel le niveau d’amélioration de couverture X est le certain niveau d’amé-
lioration de couverture.

Procédé selon I'une quelconque des revendications 1 a 10, dans lequel la transmission de préambule d’accés
aléatoire (112) comprend un ensemble de préambules d’accés aléatoire (112) qui indiquent que la transmission de
préambule d’acces aléatoire (112) a échoué en utilisant un niveau d’amélioration de couverture différent du certain
niveau d’amélioration de couverture.

Equipement utilisateur (UE) (102) mettant en ceuvre une procédure d’accés aléatoire dans un systéme de commu-
nication sans fil, 'UE (102) étant configuré pour :

déterminer une puissance de transmission avec laquelle 'TUE (102) doit transmettre un préambule d’acces
aléatoire (112) tout en fonctionnant au sein d’un certain niveau d’amélioration de couverture, dans lequel la
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puissance de transmission est déterminée en tant que fonction de :

une puissance de réception cible avec laquelle la transmission de préambule d’acces aléatoire (112) est
ciblée pour étre regue par un nceud de réseau (106), et

un affaiblissement de propagation entre 'UE (102) et le noeud de réseau (106) ;

transmettre le préambule d’acces aléatoire (112) en utilisant la puissance de transmission déterminée tout
en fonctionnant au sein du certain niveau d’amélioration de couverture ;

déterminer une autre puissance de transmission avec laquelle I'UE (102) doit transmettre une demande de
connexion (116) dans la procédure d’acces aléatoire, dans lequel I'autre puissance de transmission est déter-
minée en tant que fonction de la puissance de réception cible avec laquelle la transmission de préambule
d’accés aléatoire (112) a été ciblée pour étre regue ; et

transmettre la demande de connexion (116) en utilisant I'autre puissance de transmission déterminée ;
caractérisé en ce que la puissance de réception cible est une fonction d’'une puissance de transmission
configurée de 'UE (102) moins au moins un seuil d’affaiblissement de propagation pour fonctionner au sein du
certain niveau d’amélioration de couverture.

13. UE (102) selon la revendication 12, dans lequel I'UE est configuré en outre pour mettre en ceuvre le procédé de
'une quelconque des revendications 2 a 11.

23



EP 3 632 167 B9

vil
S

[ E |

cLi
S

oLl
S

901
300N
MYOMLIN

0l

24



EP 3 632 167 B9

NETWORK NODE

FIG. 2

25

UE
102 106
RANDOM ACCESS PREAMBLE 112

>
(RA MESSAGE 1)
RANDOM ACCESS RESPONSE 114
(RA MESSAGE 2)
SCHEDULED TRANSMISSION 116
>
(RA MESSAGE 3)
CONTENTION RESOLUTION 118
s P




EP 3 632 167 B9

SUIIYVIENS <

8

14

e

€ old

SNOILIL3d3ay . SNOLLIL3d3d
L 4 = > «—>

SUIAIRNAVYO
~gans
<l

NOILIL3d3y _‘g

\/

AJN3INOIAA

26



EP 3 632 167 B9

vy "Old

wgp Zi |- = 4itg

wgp zz}- =43¢

'l QTOHSIYHL :Z ATOHSINHL
. :
[ ] [ ]
[ ] [ ]
[} ]
" :
030 ' 1 30 ' ¢3D
[wap] dUSUN @— . .
[ ] [ ] S
1 [ ] M ] ([ [ ]
azo) |EEE : m vZor |a=E
a3n ' ' van
: .
hv— [ ] [ ] —
L} [ ]
[} [ ]
[ ] [ ]
[} [ ]
' '
030 S10313S 239 s19313s

wgp 20L- dUSUN STANSVIN
apP vl 710 S3IONIRIdX3

wigp Z€L- ASUN STANSVIN
apP 91 70 SIONIRIAdX3

27



EP 3 632 167 B9

gy "Old

[wap] dJUSUN

wgp gt = (FEL-6E1L)-£2
{01 ¥3MOd SFANDIINOD
wgp Zol- JHSHN STUNSYIN
ap vl 19 SIONINIAIXT

wgp 6£1 “9'3
IT0ULNOD ¥3IMOd wgp yyi “9'3 wgp $S1 “o'3
Y04 ATOHSIYHL 1} QTOHSTYHL T GTOHSTYHL
[ ] » ]
[} " ]
q [ ] [ ]
[ ] [ ] ]
[ ] [} [}
1 : :
' 030 ' 1 30 ' 230
m " m

| .

[ 1 1] ' ] [] | 1 ] ]
2ot ‘.u.n.. " ; " veor |He8
g3n _H_ ‘ . ' v an

[ ] ] [ ]
— [} [ ] [ ]
’ [ | . —
[ ] [ ] [ ]
L} [} ]
] ] [
[ ] [ ] ]
[ ] | ] ]
L}
[ ]
[ ]
“
' IXVHIY ¥IMOd XVIN AFUNOIANOD S3SN
! wgp Z£l- dHUSUN STUNSVIW
' gP ¥91 10 SIONIIIIXI
[ ]
L}
‘ NI1d
~—— _HIMOdiNIdN > — YIMOd MNITdN

a3alvino3d-Nmoa

a3dN9OIANOI WNINIXVIAN

28



EP 3 632 167 B9

9 190

g 0

¥ 190

€ 100

Z P0o

L 3P0

vs "Old

ILNY-O AHVHOdNTL

ILNY-J AYVIOdNIT L

-} INVHO TN

AINVHO TN

aNYIWNOO
INVHO N JONVAQV ONINIL

ANVIANOD FONVAQY ONINIL o

29



EP 3 632 167 B9

L 390

g6 "Old

Ad

Hd

30



EP 3 632 167 B9

g9 'OI4

719
damod
NOISSINSNVYL AININYIL3A IHL HLIM
1S3NO3Y NOLLOINNOD IHL LINSNVY |

v9 "Old

809
Y3IMOd NOISSINSNVAL
Y3IHLO AININYILIA IHL ONISN L1SINDIY NOILOINNOD FHL LINSNVY L

[4%)
Q3 LLINSNVL 38 Ol

S1 1S3ND3Y NOLLOINNOD IHL HOIHM HLIM

SNOILILIdINY 4O ¥FGWNN V 40 NOILONNA
V SV G3ININY3L3A SI1 33IMOd NOISSINSNVHL
FHL NIF¥IHM ‘FHNAIO0Ud SSTIIV IWOANVY

V 40 Ldvd SV 1S3ND3Y NOILIOINNOD
V LINSNV¥L Ol sl 3N IHL HOIHM
HLIM ¥3MOd NOISSINSNVIL vV ININY313(J

909

Q3AIFOY
38 01 A3139YV.1 SYM NOISSINSNYYL J7gWVIUd SSIOIV NOANVY
IHL HOIHM HLIM ¥3MOd 3AIFO3Y L3OAYVL JHL 40 NOILONNA V¥ SV
GININYZLIA SI ¥IMOd NOISSINSNYAL HIHLO FHL NIFYIHM ‘TUNATI0Ud
SS3IIV WOANVY FHL NI LSINDIY NOILITNNOD V LINSNWVAL
Ol SI 3N IHL HOIHM HLIM ¥3MOd NOISSINSNVYL ¥IHLONY ININNILIA

019 .k,

$09
73A37 LNIJWIONVYHNI 3OVHIAOD
NIV1¥3D JHL NIHLIM ONILVY3dO 3THM d3MOd NOISSINSNVIL
A3ININYILIA IH1L ONISN TTaNVIHd SSTOOV WOAONVY JFHL LINSNVYH |

209
3AON MHYOMLIN V ANV JN IHL NIIML3E

SSO1 HLVd V ANV ‘JAON MYOMLAN Vv A8 A3AI303Y 34 Ol G313DAVL

SI NOISSINSNVYL 37aNVIYd SS3OOV WOANVYY JHL HOIHM HilMm
HIMOd 3AI3I23Y 13DAVL V 40 NOILONNG V SV ININYI13A S! ¥IMOd

NOISSINSNVYL IHL NIFYIHM “13ATT INIWIONVHNI IOVHIA0D NIVINID

Y NIHLIM DNILVY3dO ITHM 19NV Idd SS3OOV WOUNVY V LINSNVHL

Ol SI 3N 3HL HOIHM H1lIM ¥3aMOd NOISSINSNVYL Vv ININNE L2

009 Ik,

31



EP 3 632 167 B9

ag "Oid

99 OId

Z¢9
3N 3IHL A9 A3ONINIdX3

SSO71 ONITdNOI YV HL1IM @3aLVIDOSSY TIAIT
AINIWIDINVHNT JOVHIAOD V ONILYDIIANI
3AON YMOMIIN V OL ONITVYNOIS LINSNVY |

(74°]
Y3IMOd NOISSINSNVYL GININY3L3A THL

HLIM 1S3ND3Y NOILOIANNOD FHL LINSNVYL

i

0€9 |\,

229
NOILVWXOANI

W3LSAS NI 3AIF33d YO IHNAIO0Ud
SS300V WOANVY JHL 40 ISNOJS3IY
SS300V NOANVY V NI A3AI1303Y ONITVNOIS
40 NOILONN4 v SY Q3NINYZ130 SI ¥3MOd
NOISSINSNVYL FHL NIFHIHM ‘TUNAID0Ud
S$S30IV NOANVY V 40 1¥Vd SY 1S3ND3AY
NOILO3INNOD V LINSNVAL Ol SI N FHL HOIHM
HLIM 33IMOd NOISSINSNVYL v INIWYA13J

029 g

32



EP 3 632 167 B9

49 "OI4

49 ‘OId

299
TIAIT ¥IMOd NOISSINSNVIL JHL ONININY3AL3A
¥04 JN IHL A9 @3ZINiLn 379v1 NOO¥AvaH
YIMOd V 40 NOILYDIANI NV SASIIdWOD IOVSSIN
JHL NIFYIHM “13ATT H3IMOd NOISSINSNVHL
V LV 300N YHOMLIN V Ol 3OVSS3IN V LINSNVI L

059 |\¢

t4Z)
SS300V NOANVYY 304
3N 3HL A9 a3sn 13AIT INJWIONVHNI IOVHIAOD
V 40 ONIdAVY ONILVOIANI 3AQON MYOMLIN
V Ol ONITYNSIS ONILLINSNVYL ‘IdNIL1Y
SS3O0V WOANVY a3TIvd V O1 JFAISNOdSTY

0v9 |\,

33



EP 3 632 167 B9

Z "9OId

v0Z
IOVSSIN $SIOOV NOANWY
Vv 40 NOISSINSNVYL 304 3N IHL A€ a3sn 39 0L TAAIT
HIMOC IHL ONILNDNOD ¥Od a3ZINILn 39 Ol SYILINVIVd
JHOW ¥O INO HO/ANV “T3A3T ¥IMOd V “TIA3T NOILILILIY
Vv ININNIL3A ‘ONITYNDIS A3AIFO3H IHL NO a3asvyg

20Z

SS300V NOANYY
¥04 3N V A8 d3sN T3ATT LNIWIONVHNIT JOVHIAQD
V 40 ONIdIAVY ONILVIIANI JN Vv WOdUd ONITVNODIS FAIFOTY

00. |\'

34



EP 3 632 167 B9

g8 "Old

V8 "Old

098
LINN
/3T1NAON ONILLINSNVYL

(7]
(S)VNNILNV

058
LINN/3TNAON ONININYELIA
JIMOd NOISSINSNVYL

018
AULINDA™ID O1avy

201 LNIWdIND3 ¥3sn

L _A¥OWAN |

028
AULINJY™ID ONISSIOOUd

201 LNINdIND3 ¥3sn

35



EP 3 632 167 B9

g6 "Ol4

v6 ‘Oid

076
(S)IVNNILNV

096
1INN/3TNAON ONININYZL3A

056
1INN/3TNAON ONIAIZOIY

[]X3
AY1INDJ™ID OIavy

901 3AON YYOMLIN

O 9
= gl

A N

=

0¢6
AY1INJ™ID ONISS3IO0Ud

907 3AON YHOMLIAN

36



EP 3 632 167 B9

0} "OId

37



EP 3 632 167 B9

38

Teegreny,




EP 3 632 167 B9

¢t "Old

39



EP 3 632 167 B9

€L 'Old

Ll e ] tw&.v,yé
| Bjep Josn ey |
| SOAR20I3N 1
) )

| 080

40



EP 3 632 167 B9

[

seynosxe 3N |

vL "OId

uggu 1

3

30 o1 woy
pajnusuen
JOSN SONDID)

* E%&a “

3 egepinda

! soMB20I 31 |

41



EP 3 632 167 B9

GL "Old

s o]
ey} seade) |

uaSanu 3SOH |

i
'
w «..mo: e

wmmegﬂw?
! 105N SeAj9L |

 uopels eseg |

¥ m——

42



EP 3 632 167 B9
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e US 62513433 [0001]

43



	bibliography
	description
	claims
	drawings
	cited references

