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METHOD, APPARATUS AND COMPUTER
PROGRAM FOR USER EQUIPMENT ACCESS
CHANNEL PROCEDURES

ent UEs attempting access over the same RACH from reading

the AI from the other UE, since the AI is mapped to the
signature sequence used in the preamble to which the AI

corresponds. While the example shows three preambles, this
TECHNICAL FIELD

[0001]

The exemplary and non-limiting embodiments of

this invention relate generally to wireless communication
systems, methods, devices and computer programs and, more
speci?cally, relate to access procedures by which a user
equipment accesses a wireless network.
BACKGROUND

[0002]

Various abbreviations that appear in the speci?ca

tion and/or in the drawing ?gures are de?ned as follows:

[0003] 3GPP third generation partnership project
[0004] AI/AICH acquisition indicator/acquisition indica
tor channel

[0005]

CAZAC constant amplitude Zero autocorrelation

(e.g., Zadoff-Chu sequence)
[0006]

DL downlink

[0007] EUTRAN evolved UTRAN (also referred to as LTE
or 3.9G)

[0008]
[0009]

GSM global system for mobile telecommunications
LTE long term evolution

is not to be seen limiting, and there can be one up to a

network-con?gured maximum number of preambles,
depending on channel conditions.
[0024] In general, the transmit power that the UE uses on

the PRACH for the ?rst preamble is set by higher layers. As
currently set forth in 3GPP TS 25.214 at section 6.1, the UE
randomly selects a signature set (e.g., a CAZAC sequence for

LTE-speci?c implementations) and sets the transmit power
for its initial access attempt on the PRACH to a commanded

preamble power set by higher layers (shown as PM” at FIG. 2).
If the UE ?nds no positive or negative acquisition indicator on
the AICH that corresponds to the slot at which the UE sent its
?rst preamble on the PRACH at power PM”, the UE then
randomly selects another signature sequence and as shown at
FIG. 2 re-attempts access using an increasedpower, where the
increase is given as a power ramp step P0. The UE continues

these transmissions, repeatedly using a different sequence
and increasing transmit power by the ramp step until either it
?nds the acquisition indicator at the corresponding slot of the
AICH or its counter hits a maximum, which may or may not

be three as in this example. Once the UE receives its acqui

[0010] MME mobility management entity

sition indicator on the AICH, then as can be seen at FIG. 2 the

[0011]
[0012]
[0013]

Node B base station
PC power control
PRACH physical random access channel

UE can send the message part of the PRACH.
[0025] There are several problems seen with the above
approach. As seen at FIG. 2, when the ?rst preamble does not

[0014]

RACH random access channel

result in the acquisition indicator being received at the UE, the

[0015]

UE user equipment

UE must repeat the process with new signature sequence and

[0016] UL uplink
[0017]
[0018]

UTRAN universal terrestrial radio access network
WCDMA wideband code division multiple access

[0019]

The following 3GPP speci?cations are relevant to

these teachings:
[0020] TS 25.211, v8.4.0 (2009-03) Physical channels and
mapping of transport channels onto physical channels
(RACH at section 4.1.2.4; PRACH at section 5.2.2.1; and
AICH at section 5.3.3.7);

[0021] TS 25.214, v8.5.0 (2009-03) Physical layer proce
dures (PRACH at section 5.1.1; and physical random
access procedures at section 6.1);
[0022] TS 25.331, V8.20 (2008-03) Radio Resource Con
trol (PRACH selection at section 8.5.17).
Similar teachings for E-UTRA are in technical speci?cations
(TS) bearing a leading 36 series number.
[0023]

As an overview and example of network access

procedures for the WCDMA system, reference is made to
FIGS. 1A and 1B, of which FIG. 1B is reproduced from FIG.
4 of3GPP TS 25.211 (v 8.0.0) at section 5.2.2.1 .1. Brie?y, the
UE seeking access to the system transmits on a RACH a ?rst
preamble to an access node (base station) and listens on an

acquisition indicator channel AICH for a corresponding
acquisition indicator AI. If that AI is not received, the UE tries

again by transmitting a second preamble and again listens for

increased power Pinit+PO. If there is a reception problem at the
BS, or if there is interference in the ?rst-sent preamble, then
the second-sent preamble represents needless power con
sumption at the UE, which is a consideration with portable
electronic devices. Also with the second-sent preamble there
is an added computational complexity for the UE which needs
to map the randomly generated sequence used in each pre
amble to the corresponding slot in the AICH at which the UE
looks for its acquisition indicator. These teachings are
directed toward addressing at least some of the above con
cerns.

SUMMARY

[0026]

In accordance with one example embodiment of the

invention is a method that includes attempting access to a

wireless network by sending from a transmitter on a random
access channel at a ?rst transmit power a ?rst preamble com

prising a signature sequence that is randomly selected from a
set of signature sequences; and responsive to determining that
the access attempt from sending the ?rst preamble was unsuc
cessful, re-attempting access to the wireless network by send
ing from the transmitter on the random access channel at a

second transmit power a second preamble comprising a sig
nature sequence, in which the second transmit power is no

greater than the ?rst transmit power.
[0027] In accordance with another example embodiment of

a corresponding AI. In the example, this continues a third
time, at which FIG. 1A shows that an AI corresponding to the

the invention is an apparatus that includes a processor and a

third preamble is received by the UE. Only after receiving that

transmitter. The transmitter is con?gured to attempt access to

AI does the UE then transmit what is termed the message part
of its access message. The preambles and message parts are
shown also at FIG. 1B. Generally, each of those three pre
ambles uses a signature sequence that the UE randomly gen
erates for each of the different preambles. This avoids differ

a wireless network by sending on a random access channel at

a ?rst transmit power a ?rst preamble comprising a signature
sequence that is randomly selected from a set of signature
sequences. The processor is con?gured to determine that the
access attempt from the ?rst preamble was unsuccessful, and
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responsive to that determining, the processor is con?gured to
cause the transmitter to re-attempt access to the Wireless

netWork by causing the transmitter to send on the random
access channel at a second transmit poWer a second preamble

comprising a signature sequence, in Which the second trans
mit poWer is no greater than the ?rst transmit poWer.

[0028]

In accordance With yet another example embodi

[0037] FIG. 5 is a logical ?oW diagram that illustrates the
operation of a method, and the result of execution of computer
program instructions by the data processor shoWn in FIGS.
6A-B according to exemplary embodiments of the invention.
[0038] FIG. 6A shoWs a simpli?ed block diagram of vari
ous electronic devices that are suitable for use in practicing

the exemplary embodiments of this invention.

ment of the invention is a computer readable memory storing
a program of instructions that When executed by a processor
result in actions that comprise: attempting access to a Wireless

[0039] FIG. 6B is a more particulariZed block diagram of a
user equipment such as that shoWn at FIG. 6A.

netWork by sending on a random access channel at a ?rst

DETAILED DESCRIPTION

transmit poWer a ?rst preamble comprising a signature
sequence that is randomly selected from a set of signature
sequences; and responsive to determining that the access

attempt from sending the ?rst preamble Was unsuccessful,
re-attempting access to the Wireless netWork by sending on
the random access channel at a second transmit poWer a

second preamble comprising a signature sequence, in Which
the second transmit poWer is no greater than the ?rst transmit
poWer.

[0029]

In accordance With still another example embodi

ment of the invention is an apparatus that includes processing
means and a sending means. The sending means is for
attempting access to a Wireless netWork by transmitting, on a
random access channel at a ?rst transmit poWer, a ?rst pre

amble comprising a signature sequence, Which the processing
means randomly selects from a set of signature sequences.
The processing means is also for determining that the access

attempt from the ?rst preamble Was unsuccessful, and respon
sive to that determining is for causing the sending means to
re-attempt access to the Wireless netWork by causing it to
transmit on the random access channel at a second transmit

poWer a second preamble comprising a signature sequence, in
Which the second transmit poWer is no greater than the ?rst
transmit poWer. In a speci?c exemplary embodiment, the
processing means comprises at least one processor, the send
ing means comprises a transmitter, and the apparatus com
prises a portable handheld user equipment.
[0030] These and other aspects are detailed beloW With
more particularity.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

The foregoing and other aspects of the exemplary

embodiments of this invention are made more evident in the

folloWing Detailed Description, When read in conjunction
With the attached DraWing Figures.
[0032] FIG. 1A is a signalling diagram representing initial
netWork access by a UE in a WCDMA system shoWing three

preamble transmissions before the user equipment receives
an acquisition indicator.
[0033] FIG. 1B reproduces FIG. 4 from section 5.2.2.1.1 of
3GPP TS 25.211 (ver 8.0.0), Overall structure of random

[0040]

In the speci?c examples given beloW are several

approaches to resolving the problem of no access from an

initial transmission by the UE of its preamble transmission on
the PRACH. They may be used singly or in various combi
nations, and are summariZed as folloWs:
[0041] The initial access attempt on PRACH is at a trans

mit poWer increased over the initial poWer indicated by

higher layers (e.g., at Pl-m-t+PO instead of at PM”).
[0042] The signature sequence(s) used for subsequent
access attempts after the ?rst access attempt are stati

cally assigned rather than randomly selected by the UE.
[0043]

Relevant to the ?rst point above, the inventors have

determined that too often the UE’s ?rst access attempt is
unsuccessful, so increasing the poWer at Which that initial
PRACH access attempt over the poWer indicated by higher

layers PM” should improve the success rate. It is still possible
that in some instances that initial access attempt may be

unsuccessful. In that case, any second attempt by the UE at
netWork access that may be necessary is, according to certain
exemplary embodiments of the invention, at a transmit poWer
that is no greater than the initial access attempt. Speci?cally
in the second and fourth embodiments detailed beloW, the
UE’s transmit poWer for the second preamble is less than the
UE’s transmit poWer for the ?rst preamble.
[0044] Relevant to the second point above, in certain exem

plary embodiments the UE randomly generates a signature
sequence as normal for the ?rst preamble transmission, and in
the event the UE needs to send another preamble transmission
because it did not see an acquisition indicator at the mapped
portion of the AICH, the UE then re-uses the signature

sequence it previously generated Which Was already used in
the ?rst preamble transmission.
[0045] Various combinations of those tWo points above
lead to four different embodiments for the ?rst tWo PRACH

attempts. These are exemplary and non-limiting; other varia
tions Will be readily apparent Within these teachings. In a ?rst

exemplary embodiment, the signature sequences for each of
the ?rst and second access attempt is random and the poWer
for the ?rst and second access attempt is the same at PM”. In

a second exemplary embodiment, the signature sequences for
each of the ?rst and second access attempt is random and the
poWer for the ?rst access attempt is higher than the initial

access transmission.

poWer indicated by higher layers (e.g., Pim-t+PO) While the

[0034] FIG. 2 is a schematic diagram of a prior art PRACH/
AICH exchange When ?rst and second access attempts fail
and an acquisition indicator is received only after a third
access attempt by the UE.
[0035] FIG. 3 is a table of sequence selection and poWer

poWer for the second access attempt is loWer, say for example
at the initial poWer indicated by higher layers PM”. In a third

control for PRACH preamble transmissions according to four
exemplary and non-limiting embodiments of the invention.
[0036] FIG. 4 is a schematic diagram similar in form to
FIG. 2 but shoWing transmit poWer for the PRACH preambles
according to the second and fourth embodiments of FIG. 4.

exemplary embodiment, the signature sequences for the ?rst
access attempt is random and signature sequence for the
second access attempt repeats that of the ?rst access attempt,
While the poWer for both the ?rst and second access attempts
is the same, say for example at the initial poWer indicated by

higher layers PM”. In a exemplary fourth embodiment, the
signature sequences for the ?rst access attempt is random and
signature sequence for the second access attempt repeats that
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of the ?rst access attempt, While the power for the ?rst access

[0049] Excluding column titles, the ?rst tWo roWs of FIG. 3
illustrate the signature sequence Which the UE puts in the

attempt is higher than the initial poWer indicated by higher
layers (e.g., Pim-t+PO) and the poWer for the second access

various preambles according to the four exemplary embodi

attempt is loWer (e.g., PM”).

ments noted above, and the last tWo roWs illustrate the poWer

[0046] These four can be generalized as follows: the UE
attempts access to a Wireless netWork by sending, on the

at Which the UE transmits those preambles according to those
same four exemplary embodiments.
[0050] At the ?rst roW of FIG. 3 and for the ?rst RACH
access attempt, according to the ?rst and second embodi
ments the UE randomly selects a signature sequence and
transmits a ?rst preamble that has the randomly generated/
selected signature sequence on the RACH. If in response the
UE fails to obtain the acquisition indicator (e.g., it does not

random access channel at a ?rst transmit poWer, a ?rst pre

amble that comprises a signature sequence that is randomly
generated (e. g., randomly selected from a pre-determined set

of signature sequences). Responsive to the UE determining
that the access attempt from sending the ?rst preamble Was

unsuccessful (Where the determining is for example the UE
failing to ?nd anAl in a slot of theAlCH that is mapped by the
sent ?rst preamble), the UE re-attempts access to the Wireless
netWork by sending, again on the random access channel but
this time at a second transmit poWer, a second preamble that
comprises a signature sequence. But in this case the second
transmit poWer is no greater than the ?rst transmit poWer. For

the ?rst and second embodiments above, the signature
sequence of the ?rst preamble and the signature sequence of
the second preamble are each randomly generated. For the
third and fourth embodiments above, the signature sequence

for the ?rst preamble is randomly generated and the signature
sequence for the second preamble is the same as the signature
sequence for the ?rst preamble, re-used in the second pre
amble.

correctly receive an Al on the slot of the AICH Which is

mapped by the ?rst preamble), then the UE randomly gener
ates/ selects another signature sequence for the second pre
amble that it transmits on the RACH. If again the UE fails to
receive in response the acquisition indicator it expects on the

AICH, then the UE randomly generates/ selects still another
signature sequence for the third preamble that it transmits on
the RACH. At this point the UE’s RACH counter is at its
upper limit of three. Should the UE choose to re-attempt
RACH access further, then the second RACH access attempt
repeats just as the ?rst RACH access attempt, by Which the

UE randomly selects a signature sequence for each preamble
transmission of the second RACH attempt.

[0047] As compared to the prior art, each of those four
embodiments decrease interference caused by the second

[0051] At the second roW of FIG. 3, and for the ?rst RACH
access attempt, according to the third and fourth embodi
ments the UE randomly selects a signature sequence and

preamble. Additionally, the second embodiment also

transmits a ?rst preamble that has the randomly generated/

increases the likelihood that the Node B Will correctly receive
the ?rst PRACH access attempt. Further, the third and fourth

the ?rst and second embodiments. But in the third and fourth

embodiments also reduce computation complexity by the UE

embodiments, the UE re-uses the same sequence from the
?rst preamble of the RACH access attempt. Note at FIG. 3 for

selected signature sequence on the RACH. This is the same as

since it does not need to randomly generate another signature
sequence for the second PRACH attempt. Like the second
embodiment, the fourth embodiment also increases the like
lihood that the Node B Will correctly receive the ?rst PRACH

the second RACH access attempt, the UE generates aneW

access attempt. For this reason the fourth embodiment is
considered at this time to be the best mode.

RACH access attempt. Re-use of the same signature sequence
for subsequent preambles Within the same RACH access

[0048]

attempt avoids the need for the UE to expend processing
poWer on dynamically re-generating signature sequences for
the second and third preambles.
[0052] According to these third and fourth embodiments,
the UE maps the ?rst randomly generated signature sequence

These four exemplary and non-limiting embodi

ments are set forth in tabular form at FIG. 3. With respect to
FIG. 3, assume that UE has a counter that limits the number of

preambles sent in each RACH access attempt to three, and
these are termed the initial preamble (corresponding to the
leftmost preamble of FIG. 2 Which as indicated there is sent

With poWer PM”), the second preamble (corresponding to the
centremost preamble of FIG. 2) and the third preamble (cor
responding to the rightmost preamble of FIG. 2). Of course
the UE’s counter may go to any integer maximum greater than
Zero, but We use three as the limit for this example. Each

preamble that the UE sends on the PRACH increments the
counter by one. Each time the counter reaches its maximum is
one RACH attempt. At the end of each RACH attempt, or
When an Al is received on time, the UE re-sets its counter to
Zero. If the UE has not yet received the Al and therefore has
not acquired access to the netWork once the counter hits its
maximum, the UE can then re-attempt access in a second

the third and fourth embodiments that for the ?rst preamble in
another signature sequence different from that used in the ?rst

of the ?rst preamble to a particular slot on the AICH. The UE
stores this mapping it its local memory. If the UE does not ?nd
an Al for it at the mapped slot, then by re-using the same

signature sequence in the second (and third) RACH pre
ambles it need only read its previously stored mapping to ?nd
the correct AICH slot in Which to look, and need not indepen

dently map each preamble’s signature sequence indepen
dently to the AICH.
[0053] Note that in both mapping and re-using the same
signature sequence, the sequences for all three preambles of a
RACH access attempt are knoWn at the start of the RACH

access attempt (de?ned by the UE’s counter). In this manner
the signature sequences for all but the ?rst preamble of any

RACH attempt, incrementing the counter again for each pre

RACH access attempt are statically determined, as compared

amble it sends in the second RACH attempt. FIG. 3 illustrates
by Way of example tWo distinct RACH access attempts,
Where the UE begins the second RACH access attempt after

to the prior art in Which they are randomly generated as they
are needed for the upcoming preamble transmission.

failing to obtain the acquisition indicator folloWing any of the

late the poWer control aspects of the above exemplary

three preamble transmissions of the ?rst RACH access
attempt, re-sets its counter, and begins the RACH process

embodiments of the invention. As noted above these may be

aneW.

tion or employed separately therefrom. As a revieW of the

[0054]

The tWo loWermost roWs of the table at FIG. 3 tabu

combined With the signature sequence aspects of the inven
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prior art shown at FIG. 2 and as detailed in the background

preamble).Also as shown at FIG. 3, the transmit power for the

section above, for the initial preamble transmission during the

third preamble is greater than both the ?rst preamble and the
second preamble, and in an exemplary embodiment the
increase is in increments of the commanded step siZe (e.g.,
Pim-t+PO+x:Pl-nit+2PO). In other variations of the second and

?rst RACH access attempt, the UE sets its transmit power for

the ?rst preamble according to PM” which is an initial power
level for random access to the network and which is obtained

from higher layers. Further as noted for FIG. 2, for each
subsequent preamble transmission while the UE’s counter is
not yet expired the UE increases it preamble transmit power
one ramp step (P0 in FIG. 2 which is also broadcast in system
information) as compared to the last preamble transmission.
If that prior art UE chooses to re-attempt another RACH
access attempt after its counter tops out, it re-sets the counter
and begins again as with the ?rst RACH access attempt where
the ?rst preamble of the second RACH attempt is again trans
mitted at the commanded power PM”.

[0055] The initial power level is obtained from higher lay
ers, in one particular embodiment, by exchanging the param
eters between the radio resource control RRC logical layer of
the eNB and the RRC layer of the UE. Bits signalled between

fourth embodiments not shown at FIG. 3, the second and third
preamble transmissions are at the same power as would be

generated by the prior art; namely, Pim-t+PO, and Pim-t+PO+PO.
Note that the result is that the ?rst and second preamble
transmissions of each RACH access are then at the same

power: Pinit+PO.
[0057] For the case where the UE is unsuccessful in obtain
ing an acquisition indicator on the AICH during the ?rst
RACH access attempt, FIG. 3 also shows that the power
control aspects of the second and fourth embodiments con
tinue in the second RACH access attempt as the ?rst; the UE
re-sets its counter and sends the ?rst (and the second if
needed) preamble transmission at one power step above the
initial power. If the third preamble is necessary after the

the network and the UE are on the physical layer. Consider

second preamble is transmitted, the UE increases the power

those bits the power value which the UE receives by example
in system information from the network. The RRC layer of

used on the ?nal (third) preamble of a RACH access attempt
by more than one additional power step over that used in the
second-last (second) preamble, so that transmit power on the
?nal preamble exceeds transmit power on every other pre

the eNB uses PM” to ?nd that power value which it sends on

the physical layer, and the RRC layer of the UE ?nds PM” for
its own use using the power value which it receives on the

amble of that same RACH access attempt. This makes it more

physical layer. Thus PM” is obtained from the RRC layers of

likely the BS will receive the UE’s third preamble and send an

the eNB and the UE. In an embodiment it is this computed

Al in response, thereby helping prevent the UE having to

power PM”, which the UE gets from its RRC layer, that is the
transmit power for the second preamble for all embodiments
at FIG. 3 and that is the transmit power for the ?rst preamble
of the l“ and 3rd embodiments at FIG. 3. Note also that the
same higher layer can compute the transmit power Pl-m-t+PO for
the ?rst preamble for the 2M and 4th embodiments of FIG. 3.
As a speci?c example, consider that the value signaled by the
network in its system information and received at the UE’s
receiver is Primary CPICH TX power. The network may also
signal other relevant parameters, such as uplink UL interfer

begin a whole new RACH access attempt.

ence and some constant value, for example. The UE receives
those three signaled values, it may further measure the chan
nel to arrive at its own measured parameter, and computes

anticipated that there will be more instances of this technique
eliminating the need for the UE to send a second RACH
preamble than there will be that the UE would have to send a

PM” from those signaled and measured parameters. Speci?

second RACH preamble due to its ?rst RACH preamble being
overpowered by another UE using the same procedure.

cally, the formula used at the UE’s RRC layer may be, for

example: Pinit:(Primary CPICH power)—(CPlCH_RSCP)+
(UL interference)+(Constant Value); where CPICH_RSCP

[0058] There is a slight increased risk such as when path
loss is very low (e.g., UE very near the base station) that this
initial preamble transmission will render other RACH pre
amble transmissions from other UEs unreadable by the base
station, but this is seen to be quite slight in view of other

separation factors already established in the RACH slot and
sequence selection for contention based access. Further, to
the extent it does happen, the UE power savings to any ran
dom UE is seen to be a net positive over time, since it is

[0059]

Also at FIG. 3 at the second to last row is the power

One non-limiting embodiment of this aspect of the

control pro?le for the preambles according to the ?rst and
third embodiments. Like the prior art, the ?rst preamble is
sent at the power commanded by the network, PM”. However

invention shown by way of example at the last row of FIG. 3

in these exemplary embodiments the power at which the UE

takes a different approach so as to better avoid the case where

sends its second preamble (within a same RACH access
attempt) is the same as that used to send the ?rst preamble,

represents the UE’s own measurement.

[0056]

the preamble transmitted with the initial power PM” yields no
resulting acquisition indicator on the AICH. Speci?cally,
according to the second and fourth exemplary embodiments
of the invention, for the ?rst preamble the UE sets its transmit
power at Pinit+PO; one power step PO above the initial pre

amble power PM” indicated by higher layers. Recall that the
PRACH message part (right side of FIGS. 1B and 2) is trans
mitted at a power that is increased over the power used on the

most recent preamble transmission (which resulted in the
acquisition indicator on the AICH) by the power offset Pm set
by higher layers. In a variation of the second and fourth
embodiments particularly shown at FIG. 3, the second pre
amble is sent with a transmit power that is lower than that of
the ?rst preamble for the same RACH access attempt (e.g.,

transmit power for the second preamble is reduced by a power
step siZe PO as compared to the transmit power for the ?rst

PM”. In these exemplary embodiments, all preambles of a
RACH access attempt are sent at a same power, except for the

last preamble (e.g., tracked by the UE’s counter) which is sent
at a higher transmit power. In the speci?c example at FIG. 3,
the last preamble is sent at a power increased one network
directed step siZe over the network-commanded initial power.

[0060] FIG. 4 illustrates schematically, similar in form to
FIG. 2, the power pro?le according to the second and fourth
embodiments of the invention, shown at the last row of FIG.
3. The upper diagram illustrates the AICH 401 which is down

link and received at the UE, and the lower diagram illustrates
the PRACH 402 which is uplink and transmitted by the UE.
Time progresses left to right, and so at FIG. 4 a UE sends in a
?rst access slot 410 of a PRACH 402 a ?rst preamble 412 at

a ?rst transmit power 411. The ?rst preamble has a signature

US 2010/0290408 A1

Nov. 18, 2010

sequence. The UE maps the ?rst preamble to a ?rst access slot
414 of the AICH 401 and tunes its receiver according to the
mapping. At 416 the UE determines that the access attempt

the signature sequence of the ?rst and second preambles are

from sending the ?rst preamble has failed because the UE has

block 510, different from block 508, the signature sequence
for the ?rst preamble is re-used in all other preambles of the

not correctly received an A1 at the mapped access slot 414.

Responsive to this determining, the UE re-attempts access to
the Wireless netWork by sending on the RACH 402 at a second
transmit poWer 421 a second preamble 420 comprising a
signature sequence, in Which the second transmit poWer 421
is no greater than the ?rst transmit poWer 411. The speci?c
embodiment of FIG. 4 shoWs the second transmit poWer 421
the second transmit poWer is an initial poWer PM” indicated by

the higher layers for random access and the ?rst transmit
poWer 411 is greater than the second transmit poWer 421 by
one netWork-indicated step siZe PO.
[0061] Further at FIG. 4, the UE maps the second preamble
420 to a second access slot 424 ofthe AICH 401 and tunes its

receiver according to the mapping. For the case of the third
and fourth embodiments in Which the signature sequence is
re-used in each preamble of the same RACH access attempt,

the mapping is simply retrieved from the memory after being

randomly generated, Which extends to the signature
sequences of all preambles of the RACH access attempt. At

same RACH access attempt, and mapping of the signature
sequence to the AICH slot is done once and stored in the UE’s
local memory. At block 512 the ?rst and second transmit
poWers are equal, and set to the initial RACH poWer indicated

by higher layers. Different from block 512, at block 514 the
?rst transmit poWer is greater than the second transmit poWer,
and it is the second transmit poWer that is set to the initial

RACH poWer indicated by higher layers. Note that these
dotted line blocks may be used in various combinations,
block 508 canbe combined With eitherblock s 512 or 514, and
block 510 can be also combined With either block s 512 or
514.
[0065] Assuming the UE determines that the access re

attempt from sending the second preamble Was unsuccessful,
Which FIG. 5 shoWs at block 516 as the UE failing to receive
anAl at the AICH slot Which maps from the second preamble,

stored there from the ?rst preamble process. At 426 the UE
determines that the access re-attempt from sending the sec

then responsive to that determining the UE at block 518 again

ond preamble 420 has failed because the UE has not correctly

random access channel at a third transmit poWer a third pre

received an A1 at the mapped access slot 424. Responsive to

amble comprising a signature sequence, in Which the third
transmit poWer is greater than the ?rst transmit poWer and
greater than the second transmit poWer. The signature

this determining, the UE again re-attempts access to the Wire
less netWork by sending on the random access channel 402 at

re-attempts access to the Wireless netWork by sending on the

a third transmit poWer 431 a third preamble 430 comprising a

sequences of the third preamble may be randomly generated

signature sequence, in Which the third transmit poWer 431 is
greater than the ?rst transmit poWer 411 and greater than the
second transmit poWer 421.
[0062] The UE maps the third preamble 430 to a third

as at block 508, or re-used from the ?rst preamble as at block
510.
[0066] At block 510 there is a decision based on Whether
the UE ?nds an Al on the AICH slot that maps from the third
preamble. If there is an Al there, the UE gets access to the
netWork and sends at block 522 the PRACH message part at
a transmit poWer that is increased by Pm over the transmit

access slot 434 of the AICH 401 and tunes its receiver accord

ing to the mapping (as above, the mapping may be retrieved
from a local UE memory according to certain embodiments).
At 436 the UE correctly receives on the AICH 401 anAl at the
mapped access slot 434, and in response sends a PRACH
message part 440 at a transmit poWer increased by Pm over the
transmit poWer used for the most recently transmitted pre

amble, Which in this example is the third preamble 430. The
value of Pm is also given by the netWork in broadcast system
information.
[0063] FIG. 5 is a logical ?oW diagram that illustrates the
operation of a method, and the result of execution of computer
program instructions by the data processor shoWn in FIGS.

6A-B beloW according to various exemplary embodiments of
the invention. FIG. 5 is not comprehensive of all the options
detailed above but summarizes some major aspects of those
embodiments for the reader’s convenience. At block 502 the
UE attempts access to a Wireless netWork by sending on the
random access channel at a ?rst transmit poWer a ?rst pre

amble comprising a signature sequence. This signature
sequence is randomly selected from a set of signature
sequences. Responsive to determining that the access attempt
from sending the ?rst preamble Was unsuccessful, Which at
block 504 of FIG. 5 is by the UE failing to properly receive an
A1 at the AICH slot Which maps from the sent ?rst preamble,

poWer for the mo st recently transmitted preamble (third pre
amble in this example). If there is no Al there, the UE re-sets
its RACH counter at block 524 and begins again at block 502
for its second RACH access attempt. It is understood from
FIG. 5 that the RACH counter has a maximum of three for this
example, and that each time the UE sends a neW preamble
Within a RACH access attempt it increments its RACH
counter by one.
[0067] Reference is noW made to FIG. 6A for illustrating a

simpli?ed block diagram of various electronic devices that
are suitable for use in practicing the exemplary embodiments
of this invention. In FIG. 6A a Wireless netWork 1 is adapted
for communication With an apparatus, such as a mobile com
munication device Which may be referred to as a UE 10, via a

netWork access node, such as a Node B (base station). The
netWork 1 may include a netWork control element (NCE) 14
that may be embodied as a MME/S-GW (serving gateWay) or
a radio netWork controller RNC or other higher netWork

element, and Which provides connectivity With a broader
netWork 16, such as a telephone netWork and/or a data com

munications netWork (e.g., the intemet). The UE 10 includes
a data processor (DP) 10A, a memory (MEM) 10B that stores

the UE at block 506 re-attempts access to the Wireless net
Work by sending on the random access channel at a second

a program (PROG) 10C, and a suitable radio frequency (RF)
transceiver 10D for bidirectional Wireless communications

transmit poWer a second preamble comprising a signature
sequence, in Which the second transmit poWer is no greater
than the ?rst transmit poWer.
[0064] The dotted lines indicate various options for the
different exemplary embodiments noted above. At block 508

over links 11 With the access node 12, Which also includes a
DP 12A, a MEM 12B that stores a PROG 12C, and a suitable
RF transceiver 12D. The access node 12 is coupled via a data

path 13 to the NCE 14. Another data interface 15 may be

present for coupling to another access node (not shoWn) of the
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same type network 1. At least the PROG 10C and/ or 12C may

be assumed to include program instructions that, when
executed by the associated DP 10A and 12A, enable the
electronic device to operate in accordance with the exemplary
embodiments of this invention, as detailed above and in the
process diagram of FIG. 5.

[0068] The exemplary embodiments of this invention may
be implemented at least in part by computer software execut
able by the DP 10A of the UE 10, or by hardware, or by a
combination of software and hardware (and ?rmware).
[0069] For the purposes of describing the exemplary
embodiments of this invention the UE 10 may be assumed to
also include a power control PC functional unit 10E, and the
network access node 12 of the ?rst network 1 also includes a
PC functional unit 12E. The PC functional units 10E, 12E,
which may be in embodied as software stored in the MEM
10B, 12B, or as circuitry or some combination of computer
software and hardware (and ?rmware), are assumed to be

constructed and operated in accordance with the exemplary
embodiments of this invention. These PC units 10E, 12E
determine the transmit power for the various preambles

according to the power-control aspects of the invention.
These PC units 10E, 12E may also control how the signature
sequences are constructed for the various preambles accord
ing to the signature sequence aspects of the invention.
[0070] In general, the various embodiments of the UE 10
can include, but are not limited to, cellular telephones, per

sonal digital assistants (PDAs) having wireless communica
tion capabilities, portable computers having wireless com
munication capabilities, image capture devices such as digital
cameras having wireless communication capabilities, gam

ing devices having wireless communication capabilities,
music storage and playback appliances having wireless com

munication capabilities, lntemet appliances permitting wire

calls) but may alternatively or additionally be rearward facing
(e.g., for capturing images and video for local storage). The
camera 28 is controlled by a shutter actuator 30 and optionally
by a Zoom actuator 32 which may alternatively function as a

volume adjustment for the speaker(s) 34 when the camera 28
is not in an active mode.
[0074] Within the sectional view of FIG. 6B are seen mul

tiple transmit/receive antennas 36 that are typically used for
cellular communication. The antennas 36 may be multi-band
for use with other radios in the UE. The operable ground plane
for the antennas 36 is shown by shading as spanning the entire
space enclosed by the UE housing though in some embodi
ments the ground plane may be limited to a smaller area, such
as disposed on a printed wiring board on which the power

chip 38 is formed. The power chip 38 controls power ampli
?cation on the channels being transmitted and/or across the

antennas that transmit simultaneously where spatial diversity
is used, and ampli?es the received signals. The power chip 38
outputs the ampli?ed received signal to the radio-frequency
(RF) chip 40 which demodulates and downconverts the signal
for baseband processing. The baseband (BB) chip 42 detects
the signal which is then converted to a bit-stream and ?nally
decoded. Similar processing occurs in reverse for signals
generated in the apparatus 10 and transmitted from it.
[0075] Signals to and from the camera 28 pass through an
image/video processor 44 which encodes and decodes the
various image frames. A separate audio processor 46 may

also be present controlling signals to and from the speakers 34
and the microphone 24. The graphical display interface 20 is
refreshed from a frame memory 48 as controlled by a user

interface chip 50 which may process signals to and from the
display interface 20 and/or additionally process user inputs
from the keypad 22 and elsewhere.
[0076] Certain embodiments of the UE 10 may also include

less lntemet access and browsing, as well as portable units or

one or more secondary radios such as a wireless local area

terminals that incorporate combinations of such functions.
[0071] The MEMs 10B and 12B may be of any type suit
able to the local technical environment and may be imple
mented using any suitable data storage technology, such as
semiconductor based memory devices, ?ash memory, mag
netic memory devices and systems, optical memory devices
and systems, ?xed memory and removable memory. The DPs

network radio WLAN 37 and a Bluetooth® radio 39, which
may incorporate an antenna on-chip or be coupled to an

10A and 12A may be of any type suitable to the local technical
environment, and may include one or more of general purpose

within the UE 10 are normally powered by a portable power

off-chip antenna. Throughout the apparatus are various
memories such as random access memory RAM 43, read only
memory ROM 45, and in some embodiments removable
memory such as the illustrated memory card 47 on which the
various programs 10C are stored. All of these components

supply such as a battery 49.

computers, special purpose computers, microprocessors,

[0077]

digital signal processors (DSPs) and processors based on a

embodied as separate entities in a UE 10 or eNB 12, may

multicore processor architecture, as non-limiting examples.
[0072] Typically there will be a plurality of UEs 10 serviced

operate in a slave relationship to the main processor 10A,
12A, which may then be in a master relationship to them.

The aforesaid processors 38, 40, 42, 44, 46, 50, if

by the network access node 12. The UEs 10 may or may not

Embodiments of this invention are most relevant to the base

be identically constructed, but in general are all assumed to be

band chip 42, though it is noted that other embodiments need

electrically and logically compatible with the relevant net
work protocols and standards needed for operation in the

not be disposed there but may be disposed across various
chips and memories as shown or disposed within another

wireless network 1.
[0073] FIG. 6B illustrates further detail of an exemplary

processor that combines some of the functions described
above for FIG. 6B. Any or all of these various processors of

UE in both plan view (left) and sectional view (right), and the

FIG. 6B access one or more of the various memories, which

invention may be embodied in one or some combination of

may be on-chip with the processor or separate therefrom.
Similar function-speci?c components that are directed

those more function-speci?c components. At FIG. 6B the UE
10 has a graphical display interface 20 and a user interface 22
illustrated as a keypad but understood as also encompassing

touch-screen technology at the graphical display interface 20
and voice-recognition technology received at the microphone
24. A power actuator 26 controls the device being turned on
and off by the user. The exemplary UE 10 may have a camera

28 which is shown as being forward facing (e.g., for video

toward communications over a network broader than a pico

net (e.g., components 36, 38, 40, 42-45 and 47) may also be
disposed in exemplary embodiments of the access node 12,
which may have an array of tower-mounted antennas rather
than the two shown at FIG. 2B.

[0078] Note that the various chips (e.g., 38, 40, 42, etc.) that
were described above may be combined into a fewer number
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than described and, in a most compact case, may all be

embodied physically within a single chip.
[0079] Note that the various blocks shown in FIG. 5 are
directed toward the UE 10, and may be viewed as method
steps, and/or as operations that result from operation of com

puter program code, and/or as a plurality of coupled logic
circuit elements constructed to carry out the associated func

tion(s). Consistent with these teachings, similar functionality
resides in the network access node to receive the UE-sent
messages and to send those messages that FIG. 5 shows as the

UE receiving, as well as the power values indicated by higher

layers such as PM”, PO, and Pm.
[0080] In general, the various exemplary embodiments

series 25 technical speci?cations for WCDMA noted above.
Further, the various names used for the channels and

described parameters (eg AICH, PRACH, signature
sequence, CAZAC, etc.) are not intended to be limiting in any
respect, as these channels and parameters may be identi?ed
by any suitable names in different wireless protocols and
standards.
[0084] It should be noted that the terms “connected,”
“coupled,” or any variant thereof, mean any connection or
coupling, either direct or indirect, between two or more ele
ments, and may encompass the presence of one or more
intermediate elements between two elements that are “con

nected” or “coupled” together. The coupling or connection

may be implemented in hardware or special purpose circuits,
software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other
aspects may be implemented in ?rmware or software which
may be executed by a controller, microprocessor or other
computing device, although the invention is not limited
thereto. While various aspects of the exemplary embodiments

between the elements can be physical, logical, or a combina
tion thereof. As employed herein two elements may be con

of this invention may be illustrated and described as block

visible and invisible) region, as several non-limiting and non

diagrams, ?ow charts, or using some other pictorial represen
tation, it is well understood that these blocks, apparatus,
systems, techniques or methods described herein may be

exhaustive examples.

implemented in, as non-limiting examples, hardware, soft
ware, ?rmware, special purpose circuits or logic, general
purpose hardware or controller or other computing devices,
or some combination thereof.

[0081] As such, it should be appreciated that at least some
aspects of the exemplary embodiments of the inventions may
be practiced in various components such as integrated circuit

sidered to be “connected” or “coupled” together by the use of
one or more wires, cables and/or printed electrical connec

tions, as well as by the use of electromagnetic energy, such as

electromagnetic energy having wavelengths in the radio fre
quency region, the microwave region and the optical (both
[0085]

Furthermore, some of the features of the examples

of this invention may be used to advantage without the cor
responding use of other features. For example, the power
control features detailed above may be used in some embodi

ments of the invention without the signature sequence aspects
of the invention, and vice versa. As such, the foregoing
description should be considered as merely illustrative of the

principles, teachings, examples and exemplary embodiments
of this invention, and not in limitation thereof.

chips and modules. The design of integrated circuits is by and
large a highly automated process. Complex and powerful

We claim:

software tools are available for converting a logic level design
into a semiconductor circuit design ready to be fabricated on

attempting access to a wireless network by sending from a

a semiconductor substrate. Such software tools can automati
cally route conductors and locate components on a semicon

1. A method comprising:
transmitter on a random access channel at a ?rst transmit

power a ?rst preamble comprising a signature sequence
that is randomly selected from a set of signature

ductor substrate using well established rules of design, as well
as libraries of pre-stored design modules. Once the design for
a semiconductor circuit has been completed, the resultant
design, in a standardized electronic format (e.g., Opus,

responsive to determining that the access attempt from

GDSH, or the like) may be transmitted to a semiconductor
fabrication facility for fabrication as one or more integrated
circuit devices.

transmitter on the random access channel at a second

[0082]

ture sequence, in which the second transmit power is no

Various modi?cations and adaptations may become

apparent to those skilled in the relevant arts in view of the

foregoing description, when read in conjunction with the
accompanying drawings and the appended claims. For
example, certain steps shown in FIG. 3 may be executed in
other than the order shown, and certain of the computations
described may be performed in other ways. However, all such
and similar modi?cations of the teachings of this invention
will still fall within the scope of this invention.

[0083]

Further, while the exemplary embodiments have

sequences;

sending the ?rst preamble was unsuccessful, re-attempt
ing access to the wireless network by sending from the
transmit power a second preamble comprising a signa
greater than the ?rst transmit power.
2. The method of claim 1, wherein:

the signature sequence of the ?rst preamble and the signa
ture sequence of the second preamble are each randomly
selected from the set of signature sequences separately;
and wherein determining that the access attempt from send

ing the ?rst preamble was unsuccessful comprises monitoring
an acquisition channel of the wireless network and failing to
?nd an acquisition indicator on the acquisition channel that

it should be appreciated that the exemplary embodiments of

corresponds to the sent ?rst preamble.
3. The method according to claim 2, further comprising

this invention are not limited for use with only this one par

determining an initial transmit power from an indication

been described above in the context of the WCDMA system,

ticular type of wireless communication system, and that they

obtained from higher layers, and wherein the ?rst transmit

may be used to advantage in other types of wireless commu

power is equal to the second transmit power which is the
determined initial power.
4. The method according to claim 2, wherein the second

nication systems such as for example the LTE (E-UTRAN)
system, which uses protocol similar to WCDMA for random
access procedures. Other exemplary but non-limiting wire
less systems include GSM. Relevant speci?cations for the
LTE system begins with series 36, but otherwise mirror the

transmit power is an initial transmit power determined from

an indication obtained from higher layers and the ?rst trans
mit power is greater than the second transmit power.
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5. The method according to claim 2, further comprising:
responsive to determining that the access re-attempt from

channel of the Wireless netWork and determining that no
acquisition indicator that corresponds to the sent ?rst pre

sending the second preamble Was unsuccessful, again

amble Was received at the receiver on the acquisition channel.

re-attempting access to the Wireless netWork by sending

12. The apparatus according to claim 11:
Wherein the receiver is con?gured to receive from the
higher layers parameters for an initial poWer for random

from the transmitter on the random access channel at a

third transmit poWer a third preamble comprising a sig
nature sequence, in Which the third transmit poWer is

greater than the ?rst transmit poWer and greater than the
second transmit poWer, and in Which the signature
sequences for the ?rst, second and third preambles are
each randomly selected from the set of signature

sequences separately.
6. The method of claim 1, Wherein:

the signature sequence of the ?rst preamble is randomly
selected from the set of signature sequences and the
signature sequence of the second preamble is the same
as the signature sequence of the ?rst preamble;
and Wherein determining that the access attempt from send

ing the ?rst preamble Was unsuccessful comprises monitoring
an acquisition channel of the Wireless netWork and failing to
?nd an acquisition indicator on the acquisition channel that
corresponds to the sent ?rst preamble.

7. The method according to claim 6, further comprising
determining an initial transmit poWer from an indication

received from higher layers, and Wherein the ?rst transmit
poWer is equal to the second transmit poWer Which is the
determined initial poWer.
8. The method according to claim 6, Wherein the second
transmit poWer is the determined initial poWer and the ?rst
transmit poWer is greater than the second transmit poWer.

9. The method according to claim 6, further comprising:
responsive to determining that the access re-attempt from
sending the second transmit preamble Was unsuccessful,
again re-attempting access to the Wireless netWork by
sending from the transmitter on the random access chan
nel at a third transmit poWer a third preamble comprising
a signature sequence, in Which the third transmit poWer

is greater than the ?rst transmit poWer and greater than
the second transmit poWer, and in Which the signature
sequence of the third preamble is the same as the signa
ture sequence of the ?rst preamble and of the second

preamble.
10. An apparatus comprising:
a transmitter con?gured to attempt access to a Wireless
netWork by sending on a random access channel at a ?rst

transmit poWer a ?rst preamble comprising a signature
sequence that is randomly selected from a set of signa

access; and

the apparatus further comprises a memory storing the
received parameters;
and Wherein the processor is further con?gured to determine
from the parameters the initial poWer for random access, and
Wherein the ?rst transmit poWer is equal to the second trans
mit poWer Which is equal to the determined initial poWer.
13. The apparatus according to claim 11:
Wherein the receiver is con?gured to receive from the
higher layers parameters for an initial poWer for random
access; and

the apparatus further comprises a memory storing the

parameters;
and Wherein the processor is further con?gured to determine
from the parameters the initial poWer for random access, and
Wherein the second transmit poWer is the initial poWer and the
?rst transmit poWer is greater than the second transmit poWer.
14. The apparatus according to claim 11:
Wherein the processor is con?gured to determine that the
access re-attempt from the second preamble Was unsuc

cessful, and responsive to such determining to cause the
transmitter to again re-attempt access to the Wireless
netWork by causing the transmitter to send on the ran
dom access channel at a third transmit poWer a third

preamble comprising a signature sequence, in Which the
third transmit poWer is greater than the ?rst transmit
poWer and greater than the second transmit poWer;
and Wherein the processor is con?gured to randomly select

from the set of signature sequences, separately, the sig
nature sequence of the ?rst, second and third preambles.
15. The apparatus according to claim 10, further compris
ing a memory,

Wherein the processor is con?gured to randomly select
from the set of signature sequences the signature
sequence of the ?rst preamble and to store the selected

signature sequence in the memory;
and Wherein the signature sequence of the second preamble
is the selected signature sequence of the ?rst preamble

attempt access to the Wireless netWork by causing the

retrieved from the memory;
and Wherein the processor is con?gured to determine that the
access attempt from the ?rst preamble Was unsuccessful by
tuning a receiver of the apparatus to monitor an acquisition
channel of the Wireless netWork and determining that no
acquisition indicator that corresponds to the sent ?rst pre

transmitter to send on the random access channel at a

amble Was received at the receiver on the acquisition channel.

ture sequences;

a processor con?gured to determine that the access attempt

from the ?rst preamble Was unsuccessful, and respon
sive to such determining to cause the transmitter to re

second transmit poWer a second preamble comprising a
signature sequence, in Which the second transmit poWer
is no greater than the ?rst transmit poWer.

11. The apparatus according to claim 10, Wherein the pro
cessor is con?gured to randomly select from the set of signa
ture sequences the signature sequence of the ?rst preamble
and separately to randomly select from the set of signature
sequences the signature sequence of the second preamble;
and Wherein the processor is con?gured to determine that the
access attempt from the ?rst preamble Was unsuccessful by
tuning a receiver of the apparatus to monitor an acquisition

16. The apparatus according to claim 15:
Wherein the receiver is con?gured to receive from the
higher layers parameters for an initial poWer for random
access; and

the apparatus further comprises a memory storing the

parameters;
and Wherein the processor is further con?gured to determine
from the parameters the initial poWer for random access, and
Wherein the ?rst transmit poWer is equal to the second trans
mit poWer Which is equal to the initial poWer.
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17. The apparatus according to claim 15:
wherein the receiver is con?gured to receive from the
higher layers parameters for an initial power for random
access; and

the apparatus further comprises a memory storing the

parameters;
and Wherein the processor is further con?gured to determine
from the parameters the initial poWer for random access, and
Wherein the second transmit poWer is the initial poWer and the
?rst transmit poWer is greater than the second transmit poWer.
18. The apparatus according to claim 15:
Wherein the processor is con?gured to determine that the
access re-attempt from the second preamble Was unsuc

19. A computer readable memory storing a program of
instructions that When executed by a processor result in

actions comprising:
attempting access to a Wireless netWork by sending on a
random access channel at a ?rst transmit poWer a ?rst

preamble comprising a signature sequence that is ran
domly selected from a set of signature sequences;
responsive to determining that the access attempt from

sending the ?rst preamble Was unsuccessful, re-attempt
ing access to the Wireless netWork by sending on the
random access channel at a second transmit poWer a

second preamble comprising a signature sequence, in

cessful, and responsive to such determining to cause the
transmitter to again re-attempt access to the Wireless
netWork by causing the transmitter to send on the ran

Which the second transmit poWer is no greater than the
?rst transmit poWer.
20. A computer readable memory of claim 19, Wherein:

dom access channel at a third transmit poWer a third

the signature sequence of the ?rst preamble is randomly

preamble comprising a signature sequence, in Which the

selected from the set of signature sequences and the
signature sequence of the second preamble is the same
as the signature sequence of the ?rst preamble, retrieved

third transmit poWer is greater than the ?rst transmit
poWer and greater than the second transmit poWer;
and Wherein the signature sequence of the third preamble is

the selected signature sequence of the ?rst preamble
retrieved from the memory.

from a memory.

