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ADAPTIVE RANDOM ACCESS CHANNEL 
RETRANSMISSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This US. Patent Application claims priority under 
35 U.S.C. 119(e) to US. Provisional Patent Application No. 
61/515,725, ?led Aug. 5, 2011 Which is incorporated by ref 
erence in its entirety for all purposes. 

TECHNICAL FIELD 

[0002] The described embodiments generally relate to 
methods and apparatuses for adapting poWer levels of trans 
missions from mobile Wireless devices. More particularly, the 
present embodiments describe method and apparatus for 
mobile Wireless devices to adapt poWer levels and repetitions 
for uplink random access channel preamble transmissions 
depending on doWnlink channel conditions. 

BACKGROUND 

[0003] Mobile devices in Wireless netWorks balance com 
munication capabilities With limited poWer consumption, 
particularly in smaller form factors that offer advanced fea 
tures such as “smart” phones. Analog transmissions can con 
sume signi?cant amounts of poWer that can affect battery 
drain in the mobile device. Wireless communication stan 
dards can specify procedures that can provide for loWer poWer 
consumption under certain circumstances. Some of the speci 
?ed procedures can be optional to implement, in Which case 
judicious determination of When to use them (or to modify 
them) can result in improved poWer consumption While mini 
miZing impact on communications performance. 
[0004] The Third Generation Partnership Project (3GPP) 
communications standards organization develops successive 
releases of mobile communication standards including Glo 
bal System for Mobile Communications (GSM), General 
Packet Radio Service (GPRS), Universal Mobile Telecom 
munications System (UMTS), Long Term Evolution (LTE) 
and LTE Advanced standards. The Third Generation (3G) 
Wideband code division multiple access (WCDMA) UMTS 
Wireless communications standard includes a shared uplink 
random access transport channel (RACH) on Which a mobile 
Wireless device transmits data to a Wireless netWork. As the 
RACH uplink transport channel is shared among multiple 
mobile Wireless devices, the mobile Wireless device sends a 
request to originate a connection before a dedicated data 
channel is established. The mobile Wireless device sends the 
request by transmitting a series of short preambles, each 
preamble With increasing poWer levels up to a maximum 
poWer level until receiving a response from the Wireless net 
Work. When calculations indicate a requirement to send at 
high poWer levels relative to a maximum transmit poWer level 
for the mobile Wireless device, the UMTS standard alloWs for 
early termination of the call origination request. Early termi 
nation of the request messaging under certain observed con 
ditions can be used to conserve battery poWer in a mobile 
device but can also result in loss of a connection opportunity. 
A method to adapt transmission levels and repetitions for 
channel acquisition requests on a random access channel by a 
mobile Wireless device can improve mobile originated call 
completion, such as in the presence of variable interference at 
a radio access subsystem receiving the channel acquisition 
requests in the Wireless netWork. 
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SUMMARY OF THE DESCRIBED 
EMBODIMENTS 

[0005] In one embodiment, a method of adapting poWer 
levels and repetitions of transmissions from mobile Wireless 
devices to a Wireless netWork is described. The method 
includes at least the folloWing steps. In a ?rst step, the mobile 
Wireless device measures a doWnlink signal poWer level and 
doWnlink signal quality received from a radio access sub 
system in the Wireless netWork. In a second step, the mobile 
Wireless device receives one or more transmit parameters 
from the radio access netWork that specify select doWnlink 
and uplink transmission characteristics. In a folloWing step, 
the mobile Wireless device calculates an initial transmit 
poWer level for an uplink preamble based on the transmit 
parameters received from the Wireless netWork and on the 
measured doWnlink signal poWer level. The mobile Wireless 
device transmits a series of preambles With increasing trans 
mit poWer levels up to a maximum transmission poWer level. 
The number of retransmissions Will not exceed a maximum 
transmission count. When receiving an ACK or NACK 
response from the Wireless netWork, the mobile Wireless 
device stops transmitting the preambles. When the preamble 
transmit poWer equals or exceeds a maximum transmit poWer 
level for the mobile Wireless device and When the doWnlink 
signal quality simultaneously falls beloW a pre-determined 
threshold level, the mobile Wireless device limits the number 
of preamble retransmissions to less than the maximum num 
ber of transmissions indicated by the maximum transmission 
count. The doWnlink signal quality received from the radio 
access subsystem is measured by the mobile Wireless device 
using at least one of the folloWing: a received signal code 
poWer (RSCP), a received signal strength indicator (RSSI) 
and a received signal to noise/interference ratio (Ec/ Io). 
[0006] In another embodiment, a mobile Wireless device is 
described. The mobile Wireless device includes an applica 
tion processor and a transceiver. The application processor is 
con?gured to manage connections betWeen the mobile Wire 
less device and a Wireless netWork. The transceiver is con?g 
ured to measure a doWnlink signal poWer level and a doWnlink 
signal quality for a doWnlink signal received from a radio 
access subsystem in the Wireless netWork. The transceiver is 
also con?gured to transmit a series of preambles to the radio 
access subsystem, each successive preamble having an 
increasing transmit poWer level and not exceeding a maxi 
mum transmit poWer level. The transceiver is further con?g 
ured to limit the number of preamble transmissions based on 
the measured doWnlink signal quality to a minimum number 
of retransmission greater than Zero and less than a maximum 
number of retransmissions When the transmit poWer level 
equals or exceeds the maximum transmit poWer level. The 
transceiver measures the doWnlink signal quality for the 
doWnlink signal received from the radio access subsystem 
using at least one of the folloWing: a received signal code 
poWer (RSCP), a received signal strength indicator (RSSI) 
and a received signal to noise/interference ratio (Ec/ Io). 
[0007] Although described in terms of a W-CDMA UMTS 
netWork, the embodiments disclosed herein can be extended 
to other Wireless netWorks as Well. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The described embodiments and the advantages 
thereof may best be understood by reference to the folloWing 
description taken in conjunction With the accompanying 
draWings. 
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[0009] FIG. 1 illustrates components of a generic Wireless 
communication network. 
[0010] FIG. 2 illustrates components of a UMTS Wireless 
communication netWork. 
[0011] FIG. 3 illustrates components of a LTE Wireless 
communication netWork. 
[0012] FIG. 4 illustrates a representative architecture for a 
mobile Wireless device. 
[0013] FIG. 5 illustrates a series of transmissions on a ran 
dom access channel (RACH) and reception on an acquisition 
indicator channel (AICH) by a mobile Wireless device in the 
UMTS Wireless communication netWork. 
[0014] FIG. 6 illustrates a method for the mobile Wireless 
device to adapt transmit poWer levels for a series of preamble 
transmissions to a Wireless netWork. 
[0015] FIG. 7 illustrates another method for the mobile 
Wireless device to adapt transmit poWer levels for a series of 
preamble transmissions to a Wireless netWork. 

DETAILED DESCRIPTION OF SELECTED 
EMBODIMENTS 

[0016] In the following description, numerous speci?c 
details are set forth to provide a thorough understanding of the 
concepts underlying the described embodiments. It Will be 
apparent, hoWever, to one skilled in the art that the described 
embodiments may be practiced Without some or all of these 
speci?c details. In other instances, Well knoWn process steps 
have not been described in detail in order to avoid unneces 
sarily obscuring the underlying concepts. 
[0017] The examples and embodiments provided beloW 
describe various methods and apparatuses for adapting poWer 
levels and repetitions of transmissions from a mobile Wireless 
device to a Wireless netWork, and in particular to adapting 
poWer levels and repetitions of uplink random access channel 
preamble transmissions sent to a random access netWork 
based on measured doWnlink channel conditions. In one 
embodiment, the uplink random access channel preamble 
transmissions are sent using a W-CDMA UMTS communi 
cations protocol. It should be understood, hoWever, that other 
implementations of the same methods and apparatuses can 
apply to mobile Wireless devices used in other types of Wire 
less netWorks. For example, the same teachings could also be 
applied to an LTE or LTE-Advanced netWork other netWork 
using Wireless communications With multiple retransmis 
sions during channel acquisition. In general, the teachings 
described herein can apply to a mobile Wireless device oper 
ating in a Wireless netWork based on radio access technology 
that uses adaptive transmit poWer levels and repetitions dur 
ing channel acquisition. The speci?c examples and imple 
mentations described herein are presented for simplicity in 
relation to W-CDMA UMTS netWorks can apply to other 
Wireless netWork environments. 
[0018] Providers of Wireless mobile devices for advanced 
Wireless netWorks seek to balance features for advanced com 
munication capabilities, to provide responsive user interac 
tion and to minimiZe poWer consumption available from lim 
ited battery storage, particularly in smaller form factors that 
offer multiple advanced features such as “smart” phones. 
Analog transmission and reception circuitry in a mobile Wire 
less device can consume signi?cant amounts of poWer that 
can affect battery drain in the mobile Wireless device. Wire 
less communication standards can specify mandatory and 
optional procedures that can provide for loWer poWer con 
sumption under certain circumstances. As some of the speci 
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?ed procedures can be optional to implement, judicious deter 
mination of When to use them (or to modify them) can result 
in improved poWer consumption While minimiZing impact on 
communications performance and responsiveness to user 
interaction. 

[0019] In a W-CDMA UMTS Wireless communications 
netWork, uplink communications from a mobile Wireless 
device to the Wireless netWork can use a shared communica 
tions link. In particular, a shared transport channel knoWn as 
a random access channel (RACH) can provide uplink trans 
port for signaling from the mobile Wireless device, such as 
When initiating a mobile originated connection to the Wireless 
netWork. Within a cell of the Wireless netWork, multiple 
RACH can be simultaneously available, and the mobile Wire 
less device can randomly select one of the multiple RACH to 
use. The mobile Wireless device can receive speci?c informa 
tion about the available RACH from the Wireless netWork on 
a broadcast channel (BCH). The information provided can 
include a set of available sub-channels on the RACH and their 
scrambling codes and signatures. With this information the 
mobile Wireless device can initiate an uplink transmission to 
the Wireless netWork in order to secure access on the RACH to 
transmit an uplink message. Access to the RACH can be 
considered a form of a “slotted ALOHA” multiple access 
protocol that restricts When a mobile Wireless device can 
initiate transmission to particular time slots. A preamble can 
be sent by the mobile Wireless device during a randomly 
selected time slot at an initially calculated transmit poWer 
level. The initial transmit poWer level can depend on an esti 
mate by the mobile Wireless device of the signal attenuation 
path loss to a radio access subsystem in the Wireless netWork 
and on dynamic and static performance and transmission 
parameters provided by the Wireless netWork on the BCH. 
The parameters communicated by the Wireless netWork can 
include uplink interference levels and constant poWer offset 
levels. 

[0020] After sending a preamble on the RACH at an initial 
transmit poWer level, the mobile Wireless device can Wait for 
an acknoWledgement from the Wireless netWork on a separate 
acquisition indicator channel (AICH). When no acknoWl 
edgement is received by the mobile Wireless device Within 
certain time WindoW after transmitting the preamble, the 
mobile Wireless device can retransmit the preamble. The ini 
tial preamble can have been blocked by interference or can be 
attenuated suf?ciently that the Wireless netWork can be 
unable to detect or decode correctly the transmitted preamble. 
The mobile Wireless device can increase the transmit poWer 
level of the preamble (and of each subsequent transmitted 
preamble) up to a maximum transmit poWer level. Repeated 
preamble transmissions can be attempted With increasing 
transmit poWer levels up to a maximum number of preamble 
re-transmissions. When the mobile Wireless device is located 
farther from the radio access subsystem in the Wireless net 
work, eg geographically positioned near an outer edge of a 
cell, the preamble can be signi?cantly attenuated during 
transmission to be dif?cult to detect by the Wireless netWork. 
The transmit poWer required for the preamble to be received 
by the Wireless netWork correctly under certain circum 
stances can exceed the maximum transmit poWer level 
alloWed by the mobile Wireless device, in particular the 
required transmit poWer level can be many dB above the 
maximum transmit poWer level permitted. In this case, 
repeated transmissions of the preamble by the mobile Wire 
less device at the maximum transmit poWer level can increase 
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random access collisions and contribute to interference in the 
cell. Each transmission at a maximum transmit power level 
can also drain battery power from the mobile wireless device. 
As such, the 3GPP UMTS mobile communications standard 
allows the mobile wireless device to terminate the repeated 
transmissions of the preamble before the maximum number 
of permissible re-transmissions is reached. 

[0021] The mobile wireless device can prematurely exit the 
access procedure, and thus the mobile wireless device can 
terminate an attempt to originate a connection with the wire 
less network. Although this early termination can be bene? 
cial for mobile wireless devices located at a signi?cant dis 
tance from the radio access sub system when correct reception 
of the preamble at the wireless network has a low probability, 
in some cases interference that can impede the correct recep 
tion of the preamble at the wireless network can be temporary. 
For example, when the mobile wireless device is located 
closer to the radio access subsystem in the wireless network, 
eg when signal attenuation is moderate, a lack of acknowl 
edgement can indicate a high level of interference, which can 
change rapidly and not necessarily represent a persistent con 
dition that precludes achieving a connection with the wireless 
network. Early termination of the RACH preamble re-trans 
mission in this second case can result in a missed opportunity 
to complete a mobile originated connection. After the mobile 
wireless device terminates the preamble retransmission, the 
user can be required to re-initiate a requested connection to 
the wireless network by re-dialing, which can extend the time 
to complete a connection and lower the call connection suc 
cess rate. 

[0022] To increase the mobile originated call setup success 
rate, as well as to minimiZe power consumption by the mobile 
wireless device and to minimize excess radio frequency inter 
ference generated by higher transmit power transmissions 
from the mobile wireless device, methods and apparatus to 
adapt the transmit power levels and the repetitions of trans 
mission of preambles during mobile originated call setup are 
described. When downlink received signal power and/or 
downlink received signal quality exceeds a ?rst threshold 
level, the mobile wireless device can continue to send a pre 
amble transmission on a random access channel (RACH) up 
to a maximum number of re-transmission attempts as allowed 
by the wireless network at an allowed transmit power level. 
The mobile wireless device can re-transmit the preamble 
when no acknowledgement is detected by the mobile wireless 
device, even when a calculated required transmit power level 
exceeds a maximum transmit power level for the mobile 
wireless device. In an embodiment, when downlink received 
signal power and/or downlink received signal quality exceeds 
a ?rst threshold level, the mobile wireless device can send a 
preamble transmission on a random access channel (RACH) 
with a maximum number of re-transmission attempts as 
allowed by the wireless network at an allowed transmit power 
level, even if a calculated required transmit power level 
exceeds a maximum transmit power level for the mobile 
wireless device. In another embodiment, downlink signal 
conditions can be measured by the mobile wireless device 
using at least one of a received signal code power (RSCP), a 
received signal strength indicator (RSSI) and a received sig 
nal to noise/ interference ratio (Ec/Io). When downlink signal 
conditions measured at the mobile wireless device do not 
exceed the ?rst threshold level, the mobile wireless device 
can allow a minimum number of re-transmission attempts 
that is less than the maximum number of re-transmission 
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attempts allowed by the wireless network. The minimum 
number of re-transmission attempts can be determined adap 
tively based on the measured downlink signal conditions 
and/or based on the difference between the calculated 
required transmit power level and the maximum transmit 
power level for the mobile wireless device. In one embodi 
ment, higher amounts of excess transmit power required com 
pared with the maximum transmit power level allowed for the 
mobile wireless device can decrease the number of re-trans 
mission attempts by the mobile wireless device. Continuing 
re-transmission attempts under high busty uplink interference 
but otherwise good signal propagation conditions can provide 
an opportunity to complete a requested call connection by the 
mobile wireless device without restarting the call connection 
process. Limiting the number of retransmission attempts to 
less than a maximum number of retransmission attempts per 
mitted can minimize power consumption by the mobile wire 
less device and minimiZe transmitted interference levels 
caused by the mobile wireless device in the wireless network. 

[0023] These and other embodiments are discussed below 
with reference to FIGS. 1-7. However, those skilled in the art 
will readily appreciate that the detailed description given 
herein with respect to these ?gures is for explanatory pur 
poses only and should not be construed as limiting. 

[0024] FIG. 1 illustrates a representative generic wireless 
communication network 1 00 that can include multiple mobile 
wireless devices 102 connected by radio links 126 to radio 
sectors 104 provided by a radio access network 128. Each 
radio sector 104 can represent a geographic area of radio 
coverage emanating from an associated radio node 108 using 
a radio frequency carrier at a selected frequency. Radio sec 
tors 104 can have different geometric shapes depending on 
antenna con?guration, such as radiating outward in an 
approximate circle or hexagon from a centrally placed radio 
node 108 or cone shaped for a directional antenna from a 
corner placed radio node 108. Radio sectors 104 can overlap 
in geographic area coverage so that the mobile wireless 
device 102 can receive signals from more than one radio 
sector 104 simultaneously. Each radio node 108 can generate 
one or more radio sectors 104 to which the mobile wireless 
device 102 can connect by one or more radio links 126. 

[0025] In some wireless networks 100, the mobile wireless 
device 102 can be connected to more than one radio sector 
104 simultaneously. The multiple radio sectors 104 to which 
the mobile wireless device 102 is connected can come from a 
single radio node 108 or from separate radio nodes 108 that 
can share a common radio controller 110. A group of radio 
nodes 108 together with the associated radio controller 110 
can be referred to as a radio access subsystem 106. Typically 
each radio node 108 in a radio access subsystem 106 can 
include a set of radio frequency transmitting and receiving 
equipment mounted on an antenna tower, and the radio con 
troller 110 connected to the radio nodes 108 can include 
electronic equipment for controlling and processing transmit 
ted and received radio frequency signals. The radio controller 
110 can manage the establishment, maintenance and release 
of the radio links 126 that connect the mobile wireless device 
102 to the radio access network 128. The radio frequency 
spectrum used by the radio links 126 in each radio sector 104 
can be shared among multiple mobile wireless devices 102 
simultaneously. Methods to share the radio frequency spec 
trum can include time division, frequency division, code divi 
sion, spatial division and combinations thereof. 
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[0026] The radio access network 128, which provides radio 
frequency connections to the mobile wireless device 102, 
connects also to a core network 112 that can include a circuit 

switched domain 122, usually used for voice traf?c, and a 
packet switched domain 124, usually used for data traf?c. 
Radio controllers 110 in the radio access subsystems 106 of 
the radio access network 128 can connect to both a circuit 
switching center 118 in the circuit switched domain 122 and 
a packet switching node 120 in the packet switched domain of 
the core network 112. The circuit switching center 118 can 
route circuit switched traf?c, such as a voice call, to a public 
switched telephone network (PSTN) 114. The packet switch 
ing node 120 can route packet switched traf?c, such as a 
“connectionless” set of data packets, to a public data network 
(PDN) 116. 
[0027] FIG. 2 illustrates a representative UMTS wireless 
communication network 200 that can include one or more 

user equipment (UE) 202 that can communicate with a 
UMTS terrestrial radio access network (UTRAN) 242 that 
can connect to a core network (CN) 236. The core network 
236 can include a circuit switched domain 238 that can con 
nect the UE 202 to a public switched telephone network 
(PSTN) 232 and a packet switched domain 240 that can 
connect the UE 202 to a packet data network (PDN) 234. The 
UTRAN 242 can include one or more radio network sub 

systems (RNS) 204/214 each of which can include a radio 
network controller (RNC) 208/212 and one or more Node-Bs 
(base stations) 206/210/216 managed by a corresponding 
RNC. The RNC 208/212 within the UTRAN 242 can be 
interconnected to exchange control information and manage 
packets received from and destined to the UE 202. Each RNC 
208/212 can handle the assignment and management of radio 
resources for the cells 244 through which the UE 202 connect 
to the wireless network 200 and can operate as an access point 
for the UE 202 with respect to the core network 236. The 
Node-B 206/210/216 can receive information sent by the 
physical layer of UE 202 through an uplink and transmit data 
to UE 202 through a downlink and can operate as access 
points of the UTRAN 242 for UE 202. 

[0028] UTRAN 242 can construct and maintain a radio 
access bearer (RAB) for communicationbetween UE 202 and 
the core network 236. Services provided to a speci?c UE 202 
can include circuit switched (CS) services and packet 
switched (PS) services. For example, a general voice conver 
sation can be transported through a circuit switched service, 
while a Web browsing application can provide access to the 
World Wide Web (WWW) through an intemet connection 
that can be classi?ed as a packet switched (PS) service. To 
support circuit switched services, the RNC 208/212 can con 
nect to the mobile switching center (MSC) 228 of core net 
work 236, and MSC 228 can be connected to gateway mobile 
switching center (GMSC) 230, which can manage connec 
tions to other networks, such as the PSTN 232. To support 
packet switched services, the RNC 208/212 can also be con 
nected to serving general packet radio service (GPRS) sup 
port node (SGSN) 224, which can connect to gateway GPRS 
support node (GGSN) 226 of core network 236. SGSN 224 
can support packet communications with the RNC 208/212, 
and the GGSN 226 can manage connections with other packet 
switched networks, such as the PDN 234. A representative 
PDN 234 can be the “lntemet”. 

[0029] FIG. 3 illustrates a representative Long Term Evo 
lution (LTE) wireless network 300 architecture designed as a 
packet switched network exclusively. A mobile terminal 302 
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can connect to an evolved radio access network 322 through 
radio links 326 associated with radio sectors 304 that emanate 
from evolved Node B’s (eNodeB) 310. The eNodeB 310 
includes the functions of both the transmitting and receiving 
base stations (such as the Node B 206 in the UMTS network 
200) as well as the base station radio controllers (such as the 
RNC 212 in the UMTS network 200). The equivalent core 
network of the LTE wireless network 300 is an evolved packet 
core network 320 including serving gateways 312 that inter 
connect the evolved radio access network 322 to public data 
network (PDN) gateways 3 1 6 that connect to external intemet 
protocol (IP) networks 318. Multiple eNodeB 310 can be 
grouped together to form an evolved UTRAN (eUTRAN) 
306. The eNodeB 310 can also be connected to a mobility 
management entity (MME) 314 that can provide control over 
connections for the mobile terminal 302. 

[0030] FIG. 4 illustrates select processing elements in a 
mobile wireless device 102.A mobile wireless device 102 can 
include a transceiver 404 that can process signals for recep 
tion and transmission through an antenna 406 (or multiple 
antennas) according to a wireless communication protocol 
used by a wireless network 100. The transceiver 404 can be 
primarily used for lower layer transmission protocols, such as 
a physical layer 1 radio frequency communication protocol. 
The transceiver 404 can be connected to an application pro 
cessor (AP) 402 that can provide higher layer functions, such 
requesting establishment and release of connections for vari 
ous resident application services. The transceiver 404 can 
provide the lower layer functions that can support the trans 
port of data for the higher layer services ordered by the 
application processor 402. The use of multiple antennas (not 
shown) for certain wireless communication protocols can 
provide improved performance (eg higher data rates or bet 
ter immunity to interference) compared to a single antenna 
con?guration. For example, a multiple input multiple output 
(MIMO) scheme can be used for a mobile terminal 402 con 
nected to the LTE network 400. 

[0031] FIG. 5 illustrates a random access channel (RACH) 
acquisition procedure 500 with increasing transmit power 
levels for a RACH preamble 504 sent from a mobile wireless 
device 102 to a radio access subsystem 106 in a wireless 
network 100. Because the wireless network can receive trans 
missions on the RACH 502 from multiple mobile wireless 
devices 102 in a common radio sector 104 (cell) of the wire 
less network 100, a collision between multiple mobile wire 
less devices 102 can occur. To receive an allocation for a time 
slot for transmission in the uplink direction to the wireless 
network 100, the mobile wireless device 102 can ?rst send a 
RACH preamble 504 in a randomly selected time slot from a 
set of RACH 502 available. The wireless network 100 can 
indicate to the mobile wireless device 102 the set of available 
RACH 502 on a broadcast channel (BCH) to which all of the 
mobile wireless devices 102 in the radio sector 104 can listen. 
The radio access subsystem 106 can also broadcast an appro 
priate set of scrambling codes and signatures that the mobile 
wireless device 102 can use on the RACH 502. 

[0032] The mobile wireless device 102 can measure a 
downlink signal power level received from the radio access 
subsystem 106. In conjunction with system information pro 
vided by the radio access subsystem 106, the mobile wireless 
device 102 can calculate an initial transmit power level to use 
for the RACH preamble 504. In one embodiment, the initial 
transmit power level for the RACH preamble can be calcu 
lated as an estimated path loss plus an uplink interference 



US 2013/0035084 A1 

amount provided by the wireless network plus a constant 
offset value also speci?ed by the wireless network. The path 
loss can be estimated by the mobile wireless device 102 by 
calculating a difference between a common pilot channel 
(CPICH) transmit power level (which can be learned from the 
radio access subsystem 106 in the wireless network 100 
through messages sent on the BCH) and the measured CPICH 
received signal code power (RSCP). A level of interference 
present at the radio access subsystem 106 in the wireless 
network 100 can also be broadcast at regular intervals by the 
radio access subsystem 106 in system information blocks 
(SIBs) transmitted on the BCH, as can the constant offset 
value. 

[0033] When neither a positive acknowledgement (ACK) 
nor a negative acknowledgement (NACK) is received by the 
mobile wireless device 102 from the wireless network 100 in 
response to the previously transmitted RACH preamble 504, 
the mobile wireless device 102 can retransmit the RACH 
preamble 504 . Acknowledgements can be sent by the wireless 
network 100 on an acquisition indicator channel (RICH) 512. 
At each re-transmission, the mobile wireless device 102 can 
increase the transmit power level of the RACH preamble 504 
by a power ramp increment (step) that can be speci?ed by the 
wireless network 100 (and also signaled in a SIB on the 
BCH). A representative value for the power increment can be 
1 dB. With increasing transmit power levels, the RACH pre 
amble 504 can overcome greater attenuation (path loss) and/ 
or increased interference levels present at the receiving end of 
the radio access link in the radio access subsystem 106 of the 
wireless network 100. The RACH preamble 504 can be re 
transmitted multiple times, up to a maximum number of 
re-transmissions that can be speci?ed by the wireless network 
100. A representative maximum number of re-transmissions 
can be a value of 8. With an increment of 1 dB in transmit 
power level per re-transmission, the ?nal RACH preamble 
504 transmission can be as much as 7 dB above the initial 
RACH preamble 504 transmit level. The mobile wireless 
device 102 can also impose a maximum transmit power level 
for the RACH preamble 504 that can cap the transmitted 
power level to avoid overdriving the analog transmission 
circuitry in the mobile wireless device 102 and limit interfer 
ence levels in the radio access portion of the wireless network 
100. Similarly the wireless network 102 can specify that 
when the required transmit power level of the RACH pre 
amble 504 exceeds a delta value (typically 6 dB) above the 
maximum allowed transmit power level indicated by the 
wireless network 100, the series of RACH preamble 504 
transmissions can be terminated. Early termination of the 
preamble retransmissions can save battery power drain from 
the mobile wireless device 102, as well as reduce unnecessary 
interference in the wireless network 100 that can result from 
multiple unsuccessful access attempts on the RACH 502. 

[0034] If no successful acknowledgement is received dur 
ing a ?rst series of RACH preambles 504, the mobile wireless 
device can wait a random “back-off" time period 506 and 
retry the RACH preamble transmission series again. As 
shown in FIG. 5, after receiving a positive acknowledgement 
(ACK 508) on the downlink AICH 512, the mobile wireless 
device 102 can stop sending the preambles and send an uplink 
RACH message 510 at a transmit power level comparable to 
the power level used for the last transmitted RACH preamble 
504 to which the ACK 508 was received. In some embodi 
ments, the transmit power level of the RACH message 510 
can be adjusted to a different level than the last transmitted 
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RACH preamble 504 transmit power level by a power offset 
value communicated by the wireless network 100 on the 
BCH. 

[0035] The option to terminate the RACH preamble trans 
mission series early can provide for reduced power consump 
tion by the mobile wireless device 102 and reduced interfer 
ence generation in the mobile wireless network 100 at the 
expense of a missed connection opportunity for the mobile 
wireless device 102. With early termination the layer 1 pro 
cessing block in the mobile wireless device 102 (typically the 
transceiver 404) can indicate a lack of acknowledgement 
(“No ACK”) received from the wireless network 100 to the 
higher layer processing block (typically the AP 402). A user 
can then be required to “re-dial” to re-attempt to form a 
connection with the wireless network 100. In certain circum 
stances, such as when a temporary higher interference level 
exists at the receiving radio access subsystem 106 in the 
wireless network 100, continued attempts to send the RACH 
preamble 504 can have a likely probability of success without 
requiring a restart of the entire connection process. Downlink 
signal conditions measured at the mobile wireless device 102 
can be used to surmise certain properties of uplink signal 
conditions that can exist at the radio access subsystem 106 in 
the wireless network 100. In particular, when downlink signal 
conditions are “good”, as measured for example by at least 
one of a received signal power level, a received signal quality 
and a received signal code power to interference ratio (i.e. 
effectively a measure of SNR), the mobile wireless device 
102 can continue to send the RACH preamble 504 up to the 
maximum number of re-transmission attempts allowed by the 
network at the allowed transmit levels, even if the com 
manded transmit power level exceeds the maximum transmit 
power level for the mobile wireless device 102. 

[0036] When downlink signal conditions are “poor”, the 
number of re-transmissions by the mobile wireless device 102 
can be reduced below the maximum number of re-transmis 
sions permissible but can avoid ending the preamble retrans 
missions prematurely. A minimum number of re-transmis 
sions can be calculated by the mobile wireless device 102 
adaptively based on the measured downlink signal conditions 
and/ or based on the difference between the required transmit 
power level and the maximum transmit power level for the 
mobile wireless device 102. In a representative embodiment, 
for weak measured downlink signal conditions (eg received 
signal strength indicator RSSII-IOO dBm) the mobile wire 
less device can reduce the number of re-transmissions to less 
than a maximum (e. g. <8) when the required transmit power 
level equals or exceeds the maximum transmit power level of 
the mobile wireless device 102. With greater values of 
required transmit power level above the maximum transmit 
power level, the number of re-transmissions can be further 
reduced. 

[0037] FIG. 6 illustrates a representative method 600 to 
adapt transmit power levels and repetitions for an uplink 
preamble sent by the mobile wireless device 102 to the wire 
less network 100. In step 602, the mobile wireless device 102 
can measure a downlink signal power and a downlink signal 
quality received from the radio access subsystem 106 in the 
wireless network 100. In an embodiment, a measured receive 
signal code power (RSCP) can provide an indication of the 
signal path attenuation loss incurred for transmissions from 
the radio access subsystem 106 to the mobile wireless device 
102. The uplink signal path attenuation for signals transmit 
ted at an uplink radio frequency can differ from the downlink 
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signal path attenuation; however, the measured downlink sig 
nal path attenuation can provide an approximate measure of 
the relative distance between the mobile wireless device 102 
and the transmitting radio access subsystem 106 in the wire 
less network 100. The downlink signal path attenuation can 
provide an indirect measure of the uplink signal path attenu 
ation. In step 604, the mobile wireless device 102 can receive 
transmit parameters broadcast by the radio access subsystem 
106 in the wireless network 100. The parameters received by 
the mobile wireless device 102 can include one or more 

values for downlink transmit signal power, uplink interfer 
ence levels, offset values and retransmission parameters. In 
step 606, the mobile wireless device 102 can calculate an 
initial preamble transmit power level based on the received 
transmit parameters and the measured downlink signal 
power. In an embodiment, the mobile wireless device 102 can 
estimate a downlink path attenuation for signals received 
from the radio access subsystem 106 in the wireless network 
100. 

[0038] In step 608, the mobile wireless device 102 can 
transmit the preamble repeatedly at regular intervals with 
increasing transmit power levels up to a maximum transmis 
sion power level until a positive acknowledgement (ACK) or 
negative acknowledgement (NACK) is received from the 
radio access subsystem 106 in the wireless network 100 or 
until a maximum re-transmission count is reached. In step 
610, the mobile wireless device 102 can limit the number of 
preamble re-transmissions when the preamble transmit 
power equals or exceeds a maximum transmit power level and 
the measured downlink signal quality falls below a pre-deter 
mined threshold. In an embodiment, the more the requested 
preamble transmit power level exceeds the maximum trans 
mit power level, the more the number of preamble re-trans 
missions can be limited (e.g., made less than a default num 
ber). When the downlink signal quality exceeds the pre 
determined threshold, the mobile wireless device 102 can 
infer that the uplink signal quality can also be high assuming 
no persistent uplink interference exists at the receiving radio 
access subsystem 106 in the wireless network 100. While the 
wireless network 100 can indicate in an earlier broadcast 
message a relatively high level of uplink interference, the 
interference level can vary substantially over time, and for a 
mobile wireless device 102 located relatively close to the 
radio access subsystem 106 in the wireless network 100, 
continued attempts at re-transmission can have a reasonable 
probability of success. By continuing the re-transmissions at 
least a few times (even if not for the full amount of allowed 
re-transmissions), the mobile wireless device 102 can attempt 
to complete a connection with the wireless network 100, 
rather than requiring the user to re-attempt the connection by 
re-initiating a connection request. When the downlink signal 
quality measured at the mobile wireless device 102 is poor, 
such as when the mobile wireless device 102 is located at an 
increased distance from the radio access subsystem 106 in the 
wireless network 100, the resulting uplink signal attenuation 
that can impede reception of the preamble at the radio access 
subsystem 106 of the wireless network can change only 
slowly, and numerous repeated re-transmission attempts can 
waste battery power and unnecessarily increase interference 
in the radio sector 104 of the wireless network. Thus, it can be 
preferred to limit the number of re-transmissions to less than 
the maximum number of allowable re-transmissions when 
the measured downlink signal quality is relatively low. 
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[0039] FIG. 7 illustrates another embodiment of a method 
700 to adapt transmit power levels and number of re-trans 
missions of a preamble by the mobile wireless device 102 
communicating to the radio access subsystem 106 in the 
wireless network 100. In step 702, the mobile wireless device 
102 can initialiZe a computed preamble transmit power level 
Pcomp to an initial value. The initial value for PUMP can be 
determined based on one or more parameters received from 
the wireless network 100 over a broadcast channel (BCH) and 
on one or more receive signal parameters measured at the 
mobile wireless device 102. The initial value for the re-trans 
mission counter can also be determined based on a param 
eters received from the wireless network 100 broadcast over 
the BCH. In step 704, the mobile wireless device 102 can 
transmit the preamble at a transmit power level that is the 
minimum of the computed preamble transmit power level 
Pcomp and a maximum transmit power level PM“ for the 
mobile wireless device. The maximum transmit power level 
PM“ can be set by the wireless network or by the capabilities 
of the mobile wireless device 102 or a combination of both 
limitations. The preamble can be transmitted by the mobile 
wireless device 102 to a radio access subsystem 106 in a radio 
access network 128 portion of the wireless network 100. In 
step 706, the mobile wireless device 102 can listen for an 
acknowledgement (ACK) or negative acknowledgement 
(NACK) on a parallel acquisition indicator channel, eg the 
AICH. When an ACK is received from the wireless network 
100, the mobile wireless device 102 can transmit a RACH 
message as indicated in step 724. The transmit power level of 
the RACH message can be related to the transmit power level 
of the last RACH preamble sent before receipt of the ACK 
from the wireless network 100. 

[0040] When no acknowledgement (“No ACK”) is 
received by the mobile wireless device 102 from the wireless 
network 100, in step 708, the mobile wireless device 102 can 
decrement the re-transmission counter. In step 710, the 
mobile wireless device 102 can determine if the number of 
re-transmission has reached zero, ie the maximum number 
of re-transmissions has been reached, and if so, the mobile 
wireless device 102 can indicate no acknowledgement, in step 
726, and exit the method. The “No ACK” can be communi 
cated between a lower layer (e.g. physical layer 1) processing 
block to a higher layer processing block in the mobile wire 
less device 102. In an embodiment, the lower layer processing 
block can be the transceiver 404, while the higher layer pro 
cessing block can be the application processor (AP) 402. In 
other embodiments, the lower layer and higher layer process 
ing blocks can be contained in one processing element of the 
mobile wireless device 102. When the re-transmission 
counter has not reached Zero, the method 700 can continue. 

[0041] In step 712, the mobile wireless device 102 can 
increase the preamble transmit power level PUMP by a pre 
determined increment, eg by a value broadcast by the wire 
less network 100 in the BCH. The computed transmit power 
level of the preamble Pcomp can be increased to provide a 
greater probability that the transmit preamble can be received 
correctly by the radio access subsystem 106 in the wireless 
network 100. The computed transmit power level Pcomp can 
be greater than the maximum transmit power level PM“, 
which can provide an indication of how much excess power 
appears to be required to communicate the preamble to the 
wireless network 102. In step 714, the difference between the 
increased computed transmit power level P and the maxi comp 

mum transmit power level PM“ can be compared to a ?rst 
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threshold. When the computed transmit power level PUMP 
does not exceed the maximum transmit power level PM“ by 
more than the ?rst threshold value, the mobile wireless device 
can return to step 704 to re-transmit the preamble. The pre 
amble can then be retransmitted at a higher power level than 
used in the preceding transmission, although the computed 
transmit power level PUMP can be transmitted only at or below 
the maximum transmit power level PM“. When the computed 
transmit power level Pcomp exceeds the maximum transmit 
power level Pmax by the ?rst threshold, as determined in step 
714, the mobile wireless device 102 can compare a measured 
downlink signal quality received at the mobile wireless 
device 102 to a second pre-determined threshold. If the mea 
sured downlink signal quality exceeds the second threshold, 
then the mobile wireless device 102 can return to re-transmit 
ting the preamble in step 704. By exceeding the second 
threshold, the measured downlink signal quality can provide 
an indirect indication that the uplink preamble signal power 
that can be received at the radio access subsystem 106 in the 
radio access network 128 portion of the wireless network 100 
can be suf?ciently high to warrant continuing re-transmis 
sions, even when the computed transmit power level PUMP 
can exceed the maximum transmit power level PM“ by more 
than the ?rst threshold. 

[0042] When the measured downlink signal quality does 
not exceed the second threshold in step 716, then in step 718 
the mobile wireless device 102 can calculate a minimum 
number of re-transmissions. This minimum number of re 
transmission can be less than the maximum number of 
retransmissions but larger than Zero. The minimum number of 
retransmissions can depend on measured downlink signal 
conditions, including at least one of the received signal code 
power (RSCP), the receive signal strength indicator (RSSI) 
and the received signal code power to noise/interference ratio 
(Ec/Io). The minimum number of retransmissions can also 
depend on the difference between the computed preamble 
transmit power level PUMP and the maximum transmit power 
level PM“. In general, the more the computed preamble trans 
mit power level Pcomp exceeds the maximum transmit power 
level Pmax the fewer re-transmissions can be warranted when 
the downlink signal quality is below the second threshold. 
When the minimum number of retransmissions is greater than 
Zero, at least that number of retransmission of the preamble 
can be attempted. When the minimum number of retransmis 
sions is lower than the maximum number of retransmissions, 
the retransmission attempts can end sooner to conserve bat 
tery drain, reduce thermals and reduce unnecessary interfer 
ence in the network. 

[0043] In a representative embodiment, the minimum num 
ber of retransmissions can be set to one when the computed 
preamble transmit power level PUMP exceeds the maximum 
transmit power level PM“ by 6 dB or more. This minimum 
retransmission value of one can provide for at least one re 
transmission attempt, in contrast to the optional algorithm 
outlined in the 3GPP 25.214 communication standard which 
would terminate the preamble without any retransmissions. 
In a representative embodiment, the minimum number of 
retransmissions can be set to more than one when the com 

puted preamble transmit power level PUMP does not exceed 
the maximum transmit power level Pmax by 6 dB, in which 
case at least two retransmission attempts can follow. 

[0044] In step 720, the mobile wireless device 102 can 
compare the current re-transmission counter value to a dif 
ference between the maximum number of re-transmissions 
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allowed and the calculated minimum number of re-transmis 
sions. When the retransmission counter falls below the dif 
ference between the maximum number of re-transmissions 
allowed and the calculated minimum number of re-transmis 
sions, the lower layer processing block in the mobile wireless 
device 102 can indicate to the higher layer processing block a 
lack of acknowledgement receipt (“No ACK”) and exit the 
method. When the retransmission counter does not fall below 
the difference between the maximum number of re-transmis 
sions allowed and the calculated minimum number of re 
transmissions, the mobile wireless device 102 can proceed to 
retransmit the preamble to the radio access sub system 106 in 
the radio access network 128 portion of the wireless network 
100. If the downlink signal quality remains below the second 
threshold, then as the mobile wireless device 102 repeats the 
retransmission and the series of steps that follow, and with no 
acknowledgement, the computed preamble transmit power 
Pcomp can continue to increase, the retransmission counter can 
decrement and the calculated minimum number of retrans 
missions can decrease, eventually causing the retransmission 
attempts to cease. The method described herein allows for a 
limited number of retransmission attempts that can be adap 
tively adjusted based on measured signal quality conditions 
and on thresholds set at the mobile wireless device. The 
limited number of retransmission attempts can be less than 
the maximum number of retransmission attempts allowed 
and can also be more than the Zero number permitted (but not 
required) by the 3GPP wireless communication standard. 
[0045] The various aspects, embodiments, implementa 
tions or features of the described embodiments can be used 
separately or in any combination. Various aspects of the 
described embodiments can be implemented by software, 
hardware or a combination of hardware and software. 

[0046] The foregoing description, for purposes of explana 
tion, used speci?c nomenclature to provide a thorough under 
standing of the described embodiments. However, it will be 
apparent to one skilled in the art that the speci?c details are 
not required in order to practice the described embodiments. 
Thus, the foregoing descriptions of the speci?c embodiments 
described herein are presented for purposes of illustration and 
description. They are not target to be exhaustive or to limit the 
embodiments to the precise forms disclosed. It will be appar 
ent to one of ordinary skill in the art that many modi?cations 
and variations are possible in view of the above teachings. 
[0047] The advantages of the embodiments described are 
numerous. Different aspects, embodiments or implementa 
tions can yield one or more of the following advantages. 
Many features and advantages of the present embodiments 
are apparent from the written description and, thus, it is 
intended by the appended claims to cover all such features 
and advantages of the invention. Further, since numerous 
modi?cations and changes will readily occur to those skilled 
in the art, the embodiments should not be limited to the exact 
construction and operation as illustrated and described. 
Hence, all suitable modi?cations and equivalents can be 
resorted to as falling within the scope of the invention. 

What is claimed is: 
1. A method of adapting transmit power levels and repeti 

tions of transmissions from a mobile wireless device to a 
wireless network, the method comprising: 

at the mobile wireless device; 
measuring a downlink signal power level and a downlink 

signal quality received from a radio access subsystem in 
the wireless network; 
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receiving one or more transmit parameters from the radio 
access subsystem; 

calculating an initial transmit power level for an uplink 
preamble based on the received transmit parameters and 
on the measured doWnlink signal poWer level; 

transmitting a series of preambles to the radio access sub 
system, each successive preamble having an increasing 
transmit poWer level up to and not exceeding a maxi 
mum transmit poWer level, and a number of retransmis 
sions not exceeding a maximum retransmission count; 

stop transmitting the preamble retransmissions after 
receiving an ACK or NACK response from the radio 
access subsystem; and 

When the transmit poWer level of the preamble equals or 
exceeds the maximum transmit poWer level and the mea 
sured doWnlink signal quality falls beloW a pre-deter 
mined threshold, limiting the number of preamble 
retransmissions to less than the maximum retransmis 
sion count. 

2. The method of claim 1, Wherein the doWnlink signal 
quality received from the radio access subsystem is measured 
by the mobile Wireless device using at least one of a received 
signal code poWer (RSCP), a received signal strength indica 
tor (RSS1) and a received signal to noise/interference ratio 
(Ec/1o). 

3. The method of claim 2, further comprising: 
When the measured doWnlink signal quality falls beloW the 

pre-determined threshold, calculating a minimum num 
ber of preamble retransmissions that is less than the 
maximum number of retransmission count alloWed by 
the Wireless netWork but larger than Zero. 

4. The method of claim 3, Wherein the minimum number of 
preamble retransmissions depends on measured doWnlink 
signal conditions, comprising at least one of the received 
signal code poWer (RSCP), the received signal strength indi 
cator (RSS1) and the received signal code poWer to noise/ 
interference ratio (Ec/1o). 

5. The method of claim 4, Wherein the minimum number of 
preamble retransmissions further depends on an excess 
amount betWeen a computed preamble transmit poWer level 
and the maximum transmit poWer level, Wherein a higher 
excess amount decreases the minimum number of preamble 
retransmissions. 

6. The method of claim 5, Wherein the minimum number of 
preamble retransmissions is set to one When the computed 
preamble transmit poWer exceeds the maximum transmit 
poWer level by 6 dB or more. 

7. The method of claim 1, Wherein uplink communication 
from the mobile Wireless device to the Wireless netWork uses 
a shared communications link. 

8. The method of claim 7, Wherein the shared communica 
tions link uses a random access channel (RACH) to provide 
uplink communication from the mobile Wireless device to the 
Wireless netWork. 

9. The method of claim 8, Wherein the ACK or NACK 
response is received on a separate acquisition indicator chan 
nel (AICH). 

10. The method of claim 1, Wherein the initial transmit 
poWer level for the uplink preamble is calculated as an esti 
mated path loss plus an uplink interference amount and a 
constant offset value provided by the Wireless netWork. 
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11. The method of claim 10, Wherein the path loss is esti 
mated by the mobile Wireless device by calculating a differ 
ence betWeen a common pilot channel (CPICH) transmit 
poWer level and a measured CPICH received signal code 
poWer (RSCP). 

12. The method of claim 11, Wherein the uplink interfer 
ence amount and the constant offset value are broadcast at 
regular intervals by the radio access subsystem in system 
information blocks (S1Bs) transmitted on a broadcast channel 

(BCH). 
13. The method of claim 12, Wherein the measured 

received signal code poWer (RSCP) provides an indication of 
a signal path attenuation loss incurred for transmissions from 
the radio access subsystem to the mobile Wireless device. 

14. The method of claim 1, Wherein the Wireless netWork is 
an UMTS, LTE or LTE-Advanced Wireless netWork. 

15. The method of claim 1, Wherein the one or more trans 
mit parameters received from the radio access subsystem 
include one or more values for doWnlink transmit signal 
poWer, uplink interference levels, offset values and retrans 
mission parameters. 

16. A mobile Wireless device comprising: 
an application processor con?gured to manage connec 

tions betWeen the mobile Wireless device and a Wireless 
netWork; and 

a transceiver con?gured to: 
measure a doWnlink signal poWer level and a doWnlink 

signal quality for a doWnlink signal received from a 
radio access subsystem in the Wireless netWork; 

transmit a series of preambles to the radio access sub 
system, each successive preamble having an increas 
ing transmit poWer level and not exceeding a maxi 
mum transmit poWer level; and 

limit the number of preamble retransmissions based on 
the measured doWnlink signal quality to a minimum 
number of retransmissions greater than Zero and less 
than a maximum number of retransmissions When the 
transmit poWer level equals or exceeds the maximum 
transmit poWer level. 

17. The device of claim 16, Wherein the transceiver mea 
sures the doWnlink signal quality for the doWnlink signal 
received from the radio access subsystem using at least one of 
a received signal code poWer (RSCP), a received signal 
strength indicator (RSS1) and a received signal to noise/inter 
ference ratio (Ec/1o). 

18. The device of claim 17, Wherein the minimum number 
of retransmissions depends on measured doWnlink signal 
conditions, comprising at least one of the received signal code 
poWer (RSCP), the received signal strength indicator (RSS1) 
and the received signal code poWer to noise/ interference ratio 
(Ec/1o). 

19. The device of claim 18, Wherein the minimum number 
of retransmissions further depends on an excess amount 
betWeen a computed preamble transmit poWer level and the 
maximum transmit poWer level, Wherein a higher excess 
amount decreases the minimum number of retransmissions. 

20. The device of claim 19, Wherein the minimum number 
of retransmissions is set to one When the computed preamble 
transmit poWer exceeds the maximum transmit poWer level 
by 6 dB or more. 
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