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MANAGING UPLINK RESOURCES IN A
CELLULAR RADIO COMMUNICATIONS
SYSTEM

PRIORITY APPLICATION

[0001] This application claims the priority benefit of U.S.
provisional application 61/015,316, entitled “Method and
Arrangement in a Telecommunications System,” filed on
Dec. 20,2007, the contents of which are incorporated here by
reference.

TECHNICAL FIELD

[0002] The technology pertains to the cellular radio com-
munications, and particularly, to managing uplink radio
resources allocated to mobile terminals for transmitting infor-
mation to a radio access network (RAN).

BACKGROUND AND SUMMARY

[0003] The 3rd Generation Partnership Project (3GPP) is a
collaboration between groups of telecommunications asso-
ciations to develop mobile communications systems. Univer-
sal Mobile Telecommunications System (UMTS) is one of
the third-generation (3G) cell phone technologies, which is
also being developed into a 4G technology. The most com-
mon form of UMTS uses Wideband-CDMA as the underly-
ing air interface. Evolved UMTS Terrestrial Radio Access
(E-UTRA) is the air interface of 3GPP’s Long Term Evolu-
tion (LTE) upgrade path for mobile networks. E-UTRA is the
successor to High Speed Downlink Packet Access (HSDPA)
and High Speed Uplink Packet Access (HSUPA) technolo-
gies specified in 3GPP releases 5, 6 and 7. Unlike HSPA,
LTE’s E-UTRA is a new air interface system unrelated to
W-CDMA. E-UTRA uses Orthogonal Frequency Division
Multiplexing (OFDM) and multiple-input multiple-output
(MIMO) antenna technology to support more users, higher
data rates and lower processing power required on each hand-
set.

[0004] In3GPP Release-8, work is ongoing to improve the
uplink performance in what is called the CELL_FACH state.
Atthe radio resource control (RRC) level, two basic operation
modes of a mobile radio terminal, sometimes called a user
equipment (UE), are idle mode and connected mode as shown
in FIG. 1. The connected mode is divided into service states,
which define what kind of physical radio channels a UE is
using. FIG. 1 also shows the main RRC service states in the
connected mode and the transitions between states and
between modes. In the CELL_FACH state, no dedicated
physical channel is allocated to the UE, but the random access
and forward access common channels (RACH and FACH
respectively) are used instead. The UE is known on cell level
(i.e., ithas a cell id), has a protocol layer 2 connection (includ-
ing media access control (MAC) and radio link control (RLC)
protocol layers), but does not have dedicated physical (PHY)
layer 1 radio resources. Instead, common physical layer radio
resources are shared between mobile terminals in the CELL_
FACH state for transmitting both signaling messages and
small amounts of user plane data to UE’s inthe CELL._FACH
state.

[0005] An uplink improvement planned for future cellular
radio systems is activation in the CELL_FACH state of an
uplink enhanced-dedicated channel (E-DCH) physical chan-
nel established with HSUPA. The E-DCH is normally used as
a dedicated physical layer channel in CELL_DCH state
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(shown in FIG. 1) with one separate E-DCH resource allo-
cated per UE. This can be performed by using a pool of
E-DCH resources that can be temporarily assigned to a UE in
the CELL_FACH state. Such a pool of E-DCH resources is
termed “common E-DCH resources.” The E-DCH resources
may be managed by a Radio Network Controller (RNC)in3G
UMTS type systems, but the pool of common E-DCH
resources may be managed by the radio base station, some-
times referred to as a NodeB, to speed up the allocation of
radio resources by not having to involve an RNC or other
management node in the allocation procedure.

[0006] The number of common E-DCH resource configu-
rations available in each base station cell is limited by avail-
able air interface resources and the number of radio receivers
in the base station. The common E-DCH resource configura-
tion is a set of parameters that defines the E-DCH resource,
e.g., an uplink scrambling code, a F-DPCH code and offset,
and E-DCH HARQ Acknowledgement Indicator Channel
(E-HICH) and E-DCH Relative Grant Channel (E-RGCH)
Information. The common E-DCH resource assignment
scheme may also place requirements on how many E-DCH
radio resources can be assigned at one time. Given that the set
of common E-DCH resources and configurations available in
each cell is limited, E-DCH resources need to be efficiently
used and managed.

[0007] The technology in this application provides a
method and apparatus for efficiently using E-DCH resources.
A UE can release common E-DCH resources very quickly
after a completed transmission. In addition or alternatively, a
base station may release common E-DCH configurations
from the network side to free up common E-DCH resources
for use by other UEs. Various signaling schemes for quickly
and eftectively releasing common E-DCH resources between
a UE and a base station are also provided. For example,
existing signaling fields already in use in a CELL._DCH ser-
vice state may be given a different meaning for UEs in a
CELL_FACH service state so that common E-DCH resources
are quickly and effectively released. Alternatively, a new
message or a new field in an existing message may be used.

[0008] In one example embodiment, a UE in a CELL_
FACH state releases an E-DCH resource allocated to the UE.
When the UE determines that the common E-DCH resource
allocated to the UE should be released, it signals to the base
station release of the common E-DCH resource on existing
protocol layer 1 or protocol layer 2 message fields already in
use in a CELL_DCH state for other purposes. In one example
scenario, the common E-DCH resource is released when the
UE detects that its transmit buffer is empty. The UE may
signal the release to the base station by including a Schedul-
ing Information (SI) field in a last Media Access Control
(MAC) Packet Data Unit (PDU) stored in the transmit buffer
which is sent by the UE using the common E-DCH resource.
Ifthe transmit buffer is an E-DCH buffer, the SI field indicates
a total E-DCH buffer status of zero. The UE can signal the
release of the common E-DCH resource to the base station by
setting an E-DCH-Transport Format Combination Identifier
(E-TFCI) or a happy bit on a physical layer control channel to
indicate release of the common E-DCH resource.

[0009] Inone example variation, the UE releases the com-
mon E-DCH resource upon receiving an Acknowledgement
(ACK) for all outstanding Hybrid Automatic Repeat Request
(HARQ) processes associated with the UE’s transmissions to
the base station using the allocated common E-DCH resource
or upon reaching a predetermined maximum number of

IPR2023-01267 Page 10
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HARQ transmissions. The common E-DCH resource may
also be released when an HARQ reordering timer has expired
for the last MAC PDU.

[0010] In another example embodiment, a radio base sta-
tion releases a common E-DCH resource allocated for use by
a UE in a CELL_FACH state. The radio base station deter-
mines that the common E-DCH resource allocated to the UE
should be released and then sends a grant on a common
E-DCH resource grant channel indicating an inactive grant
for the UE as a command to the UE to release the common
E-DCH resource. The inactive grant on the common E-DCH
resource grant channel means that the release is executed even
though there may be outstanding unfinished Hybrid Auto-
matic Repeat Request (HARQ) processes associated with the
UE’s transmissions to the base station using the allocated
common E-DCH resource.

[0011] In another example embodiment, a release timer
may be set with a predetermined value, and the common
E-DCH resource may be released upon expiry of the release
timer. The common E-DCH resource release timer is started
when the common E-DCH resource is assigned to a UE and
stopped when uplink transmission has been detected from the
UE on the common E-DCH resource. The common E-DCH
resource release timer may be implemented in the UE, the
base station, or both.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is an example mode and RRC service state
diagram;
[0013] FIG.2 is a non-limiting example signaling diagram

showing signaling relating to common E-DCH resource allo-
cation and configuration;

[0014] FIG. 3 is a diagram showing one non-limiting
example of reliably and efficiently ending a UE’s use of a
common E-DCH resource;

[0015] FIG. 4 is a diagram showing another non-limiting
example of reliably and efficiently ending a UE’s use of a
common E-DCH resource;

[0016] FIG.5A is non-limiting function block diagram of a
UE for using and managing a common E-DCH or other uplink
radio resource;

[0017] FIG. 5B is non-limiting function block diagram of'a
NodeB base station for controlling a common E-DCH or
other uplink radio resource in conjunction with the UE shown
in FIG. 5A;

[0018] FIG. 6 is a flowchart illustrating non-limiting
example steps that may be implemented in a UE for reliably
and efficiently managing common E-DCH resources;

[0019] FIG. 7 is a flowchart illustrating non-limiting
example steps that may be implemented in a base station for
reliably and efficiently managing common E-DCH resources;
[0020] FIG. 8 is a non-limiting example function block
diagram of a UMTS type radio communications system; and
[0021] FIG. 9 is a non-limiting example communications
protocol diagram for the non-limiting example shown in FIG.
8.

DETAILED DESCRIPTION

[0022] In the following description, for purposes of expla-
nation and not limitation, specific details are set forth such as
particular architectures, interfaces, techniques, etc. However,
it will be apparent to those skilled in the art that the claimed
technology may be practiced in other embodiments that
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depart from these specific details. That is, those skilled in the
art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody
the principles of the claimed technology and are included
within its spirit and scope. In some instances, detailed
descriptions of well-known devices, circuits, and methods are
omitted so as not to obscure the description of the present
invention with unnecessary detail. All statements herein recit-
ing principles, aspects, and embodiments, as well as specific
examples thereof, are intended to encompass both structural
and functional equivalents thereof. Additionally, it is intended
that such equivalents include both currently known equiva-
lents as well as equivalents developed in the future, i.e., any
elements developed that perform the same function, regard-
less of structure.

[0023] Thus, for example, it will be appreciated by those
skilled in the art that block diagrams herein represent concep-
tual views of illustrative circuitry embodying the principles of
the technology. Similarly, it will be appreciated various pro-
cesses described may be substantially represented in a com-
puter-readable medium and can be executed by a computer or
processor.

[0024] The functions of the various elements including
functional blocks labeled or described as “processor” or
“controller” or “computer” may be provided through the use
of'dedicated hardware as well as hardware capable of execut-
ing software. When provided by a processor, the functions
may be provided by a single dedicated processor, by a single
shared processor, or by a plurality of individual processors,
some of which may be shared or distributed. Moreover, a
“processor” or “controller” may include, without limitation,
digital signal processor (DSP) hardware, ASIC hardware,
read only memory (ROM), random access memory (RAM),
and/or other storage media.

[0025] As explained in the background, base stations
(NodeBs) broadcast common E-DCH configurations located
in their respective cells. Reference is now made to FIG. 2 to
explain one proposed example of how common E-DCH
resources may be acquired in 3GPP release 8. The base station
(BS) transmits over a primary-common control physical
channel (P-CCPCH) to provide downlink frame and acquisi-
tion indicator channel (AICH) timing information for UEs in
the cell. The AICH is used by the base station to indicate
reception of the RACH signature sequence over the random
access channel (RACH) from a mobile terminal in the CELL,_
FACH state. The AICH echoes back an identical signature
sequence as received on the RACH. In FIG. 2, the UE in the
CELL_FACH state needs common E-DCH resources to com-
municate with the radio access network and sends a RACH
request in time slot #0 at an initial low amplitude level. The
base station does not receive that first RACH request because
there is no AICH transmission. The UE sends a second pre-
amble on the RACH after Tp-p in time slot #3 at a higher
amplitude because UEs is often use a power ramping proce-
dure on initial requests on the RACH. The base station
receives and acknowledges the second preamble in time slot
#6 on the AICH. In the AICH acknowledgement, the base
station echoes back the same second preamble signature
sequence and also informs the UE which common E-DCH
resource it has assigned to the UE.

[0026] A common E-DCH resource is defined in the non-
limiting example of Release 8 by: an Uplink (UL) scrambling
code, a Fractional-Dedicated Physical Channel (F-DPCH)
code and timing offset, an E-DCH Absolute Grant Channel
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(E-AGCH)/E-DCH Relative Grant Channel (E-RGCH)/E-
DCH HARQ Acknowledgement Indicator Channel
(E-HICH) codes and signatures, and High Speed Dedicated
Physical Control Channel (HS-DPCCH) parameters such as
power offsets and Channel Quality Indicator (CQI). The UE
may transmit on the common E-DCH after receiving the
AICH acknowledgement. The E-DCH Absolute Grant Chan-
nel (E-AGCH) from the base station to the UEs is also shown
atthe bottom of FIG. 2. In the first E-AGCH frame, there is no
transmission to the requesting UE, i.e., a discontinuous trans-
mission (DTX). But in the second E-AGCH frame, the UE
starts to monitor the E-AGCH for a confirmation of the uplink
common E-DCH transmission which provides contention
resolution. Before contention resolution, all transmissions on
the common E-DCH resource must include the UE-specific
E-RNTT in the MAC PDU to identify the UE. The uplink
common E-DCH transmission is confirmed by the NodeB
sending a grant on the E-AGCH with the UE specific E-RNTI.
When contention is resolved in this way, the UE’s E-RNTI is
no longer needed in each MAC PDU. But contention resolu-
tion is not the problem addressed in this application. Rather,
that problem relates to how the common E-DCH resource is
released after completed uplink transmission by the UE.
Because there is a limited set of common E-DCH resources in
a system, a quick release is important to achieve good effi-
ciency and increase capacity.

[0027] The technology in this application solves this and
other problems by either the UE or the base station or both
nodes detecting a condition that results in the UE stopping use
of and releasing a common uplink radio resource so that the
common uplink radio resource can by used by other UEs. For
purposes of description only, the common E-DCH resource is
used as a non-limiting example of such a common uplink
radio resource. UEs that are using the common uplink
resource are typically in a state similar to the CELL._FACH
service state discussed above, but other states where the UE is
using a common uplink radio resource like the E-DCH are
included.

[0028] The UE can make the decision to release the com-
mon uplink radio resource implicitly based on one or more
detected conditions. One example condition is that the UE
detects it has no more data in its transmit buffer to send.
Another example condition is that a maximum time for using
the common uplink radio resource has expired.

[0029] The base station can make the release decision and
explicitly command the UE to release the common uplink
radio resource. For example, such an explicit release com-
mand may be sent when the base station detects that the UE
has no more data in its transmit buffer or that a time out period
has expired.

[0030] Preferably, though not necessarily, the release of the
common E-DCH resource is signaled between the UE and the
base station using existing signaling fields, e.g., existing sig-
naling field(s) on protocol layer 2 (L.2) or layer 1 (L.1). For
example, in example embodiments described below, certain
signaling fields already in use in a CELL,_DCH state are used
but with a different signaling field content interpretation for
UEs in a CELL_FACH state. When the common E-DCH
resource is released by the UE, and new data is received from
a higher protocol layer to be transmitted, the UE starts over
and must request transmission by transmitting one or more
RACH preambles to request a new common E-DCH resource.
[0031] In accordance with one non-limiting example
embodiment, a UE in CELL_FACH state triggers release of
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the common E-DCH resource when the UE has emptied its
Radio Link Protocol (RLC) transmit buffer. The UE includes
an indicator in the already existing Scheduling Information
(SD) field in the last Media Access Control (MAC) Packet
Data Unit (PDU) transmitted from the RL.C buffer indicating
a transmit buffer status=0. The SI field is part of an existing
message already used for the E-DCH. In particular, the Total
E-DCH Buffer Status (TEBS), which is already used to
request scheduling for E-DCH, can be set to 0 to indicate an
empty buffer. This informs the base station that the UE is
releasing the common E-DCH resource. For UEs in CELL_
FACH state, the base station interprets TEBS=0 in the SI field
of the last MAC PDU as a signal that the UE is finished
transmitting on the common E-DCH resource. In this way,
both the UE and the base station promptly release the com-
mon E-DCH resource. An added benefit is achieved if
already-existing signaling fields can be used to communicate
this information as in this non-limiting example. But the
indication may be communicated using a new message field
or a new message altogether.

[0032] In a variation on this example embodiment, the
radio base station releases the common E-DCH resource after
all Hybrid Automatic Repeat Request (HARQ) processes
associated with this UE’s transmission on the common
E-DCH resource are finished. Parallel HARQ processes are
used in many modern wireless communications systems to
detect and correct data errors caused during transmission over
the radio interface. Even when the HARQ process carrying
the last MAC PDU with the SI field is completed, there may
still be previous HARQ processes that are not yet completed.

[0033] FIG. 3 is a diagram showing a non-limiting example
context for reliably and efficiently ending a UE’s use of com-
mon E-DCH resource. The UE is in a CELL,_FACH service
state (described above) and performs the power ramping pro-
cedure on the RACH sending a request for the common
E-DCH until an AICH response from the base station
(NodeB) is received. If a positive acquisition indicator corre-
sponding to the selected signature is detected on the AICH,
the UE starts transmitting data uplink frames 1-5, e.g., packet
data units (PDUs) 1-5, with the common E-DCH resource
using multiple HARQ processes. Here, five HARQ processes
are running, one for each transmitted uplink PDUs 1-5. The
base station satisfactorily receives PDUs 1, 4, and 5 and so
ends HARQ processes 1, 4, and 5. In addition, the UE
includes an “empty buffer” indication in the last PDU 5 to
indicate to the base station that the UE does not have any
immediate data to send on the common E-DCH. As a result,
the quicker the base station can release the common E-DCH
resource being used by this UE, the sooner other UEs with
immediate data to send via the common E-DCH resource can
be serviced. In one example embodiment, as soon as the UE
sends the empty buffer indication, the UE may release the
common E-DCH resource.

[0034] On the other hand, data frames 2 and 3 were not
satisfactorily received by the base station in this example. So
rather than immediately freeing up the common E-DCH
resources after receiving PDU 5, the base station may wait
until data frames 2 and 3 are received, thereby finishing two
“open” HARQ processes for the common E-DCH resource
for this UE. The base station then sends an HARQ acknowl-
edgement to the UE, which then stops using the common
E-DCH resource.

[0035] Alternatively or in addition, either the UE or the
base station may release the common E-DCH resource to

IPR2023-01267 Page 12



US 2009/0225709 Al

make it available for use by other UEs when a timer expires.
For example, there may be a timer started when the common
E-DCH resource is granted/allocated to the UE. Once a pre-
determined time period expires for that UE’s use of the com-
mon E-DCH resource, the common E-DCH resource is
released. Such a timer may be located in the base station, the
UE, or both. It may be desirable to reset such a timer so that
it does not time-out if the UE continuously transmits PDUs.
Alternatively or in addition, a maximum number of PDU
retransmissions counter may be employed to limit the amount
of time waited for outstanding HARQ processes to finish.
[0036] FIG. 4 shows an example where an HARQ reorder-
ing timer (e.g., a T1 timer in 3GPP) is used as a timeout
mechanism. The T1 timer controls “stall avoidance” in a
MAC SDU reordering buffer to ensure in-sequence delivery
of MAC SDUs to the RLC layer in case of HARQ retrans-
missions. [fa gap in the MAC PDU Transmit Sequence Num-
ber (TSN) is detected, MAC SDU reassembly is stopped, and
the T1 timer is started. If the missing TSN is received, then the
MAC SDU reassembly continues, and the T1 timer is reset. If
the missing TSN(s) are not received by the time the T1 timer
expires, then the MAC SDU reassembly continues with miss-
ing or incomplete MAC SDUs being dropped and the T1
timer reset. The scenario is similar to that described for FIG.
3, except that the second transmission of MAC PDUs 2 and 3
is also unsuccessful. The UE may release the common
E-DCH resource once it has received an acknowledgement
(ACK) for all HARQ processes. But it may be undesirable for
retransmissions to continue after a predetermined time
period. If a UE empty buffer indication is received and/or the
reordering timer or other suitable timer times out, then the
base station may release the common E-DCH resource even
though PDUs 2 and 3 have not yet been correctly received.
[0037] The use of a release timer to release the common
E-DCH resource can also be helpful in the event there are
signaling errors, e.g., lost MAC PDUs or the UE is unable to
accurately decode the E-AGCH, or if a UE has moved out of
coverage for the base station. For example, the base station
can start the release timer when the common E-DCH resource
is assigned to a UE. Once the base station detects an uplink
transmission, the release timer is stopped and preferably
reset. Detection of uplink transmission can, for example, be
based on thresholds for the estimated Bit Error Rate (BER),
Signal to Noise Ratio (SNR), or a similar signal strength/
quality parameter for the uplink control channel, e.g., the
DPCCH. If the uplink DPCCH is lost during transmission,
e.g., due to a UE moving out of coverage, the release timer is
again started. If the uplink DPCCH is not detected from that
UE before the release timer expires, the base station releases
the common E-DCH resource for use by other UEs.

[0038] The radio base station may also stop a UE from
transmitting on a common E-DCH resource by sending a
scheduling or grant message, e.g., by sending a grant message
on the E-AGCH, indicating INACTIVE. The grant value set
to INACTIVE functions as a common E-DCH resource
release command to the UE. For example, when the UE
receives an E-AGCH identifying the UE, (e.g., with the UE’s
E-RNTT), with the absolute grant value set to INACTIVE on
all HARQ processes, the UE releases the common E-DCH
resource to make it available for use by other UEs.

[0039] In another non-limiting example embodiment, the
UE may use an special value of the E-DCH-Transport Format
Combination Identifier (E-TFCI) or Happy Bit on the physi-
cal layer control channel E-DPCCH to indicate release of the
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common E-DCH resource. The Happy Bit is a single bit field
in the E-DPCCH that is used to indicate whether the UE could
use more resources or not. To use the Happy Bit to signal the
common E-DCH resource release would require a new defi-
nition for the Happy Bit for Enhanced CELL_FACH, differ-
ent from the current E-DCH definition for CELL._DCH. For
instance, “Happy” could mean the UE is done with the uplink
transmission and “Unhappy” would mean there is still data to
transmit, or vice versa.

[0040] Since such indicators can be prone to error because
they are not covered by physical layer error correcting and
error detecting codes used for higher layer data, in another
example embodiment, the E-TCFI is used in combination
with the UE sending an empty buffer indicator in the SI field
in the last PDU as described above. In this way, both explicit
(command from the base station) and implicit (indicator from
the UE) techniques are used to ensure fast and reliable release
of the common E-DCH resource.

[0041] In summary, when the UE determines that a com-
mon E-DCH resource is to be released, e.g., the UE’s transmit
buffer is empty, the UE signals to radio base station the
release of the common E-DCH resource. In response, the base
station releases the corresponding common E-DCH resource
which then can be used for another user. Alternatively or in
addition, the base station determines that a common E-DCH
resource is to be released and sends a suitable “stop and
release” command to the UE. A release timer is started when
a common E-DCH resource is assigned to a UE. If uplink
transmission is detected before the timer expires, the timer is
stopped and preferably reset. If not, the common E-DCH
resource is released by the base station and the UE. Prefer-
ably, existing message fields can be used for any signaling
between the UE and base station related to releasing the
common E-DCH resource.

[0042] FIG. 5A is non-limiting function block diagram of'a
UE 10 for using and managing a common E-DCH or other
uplink radio resource assuming the common E-DCH or other
uplink radio resource is allocated to the UE. The UE 10
includes a transmission buffer 14 with packets or other data
units to be sent to the radio network via the NodeB base
station 12 shown in FIG. 5B. These packets are sent to a radio
link controller (RLC) 16 which performs various radio link
control layer functions such as retransmission and segmenta-
tion. The RLC 16 sends RLC packets to a media access
controller (MAC) 18 which performs various MAC layer
functions such as logical channel multiplexing, priority han-
dling and Transport Format Combination (TFC) selection.
The MAC generates MAC packet data units (PDUs) that are
processed by an HARQ controller 20 shown separately
though it is part of the MAC protocol. The HARQ controller
20 establishes a corresponding HARQ process for each MAC
PDU transmitted and sends the MAC PDUs to a radio trans-
ceiver 22 for transmission via an antenna over the radio inter-
face to the base station 12.

[0043] A common uplink resource controller 24, (e.g., the
uplink resource may be the common E-DCH resource), can
monitor the RLC transmit buffer 14, and if it detects no more
data packets in the buffer 14, i.e., an empty buffer, it instructs
the MAC controller 18 to insert an empty buffer indicator in
the last MAC PDU for this UE to be transmitted. The MAC
controller 18 may insert the indicator into an existing control
field of the MAC PDU, or there may be a dedicated field for
the empty buffer indicator. Preferably, the empty buffer indi-
cator is included in an already existing field such as fields that
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have been established for control messages in another service
state like the DCH state. The non-limiting example given
above included the SI field of the last MAC PDU. The com-
mon uplink resource controller 24 also may employ one or
more timers to determine whether a time period for using the
common E-DCH resource has expired, and if so, to stop
sending data for this UE using the common E-DCH resource.

[0044] FIG. 5B is non-limiting function block diagram of'a
NodeB base station 12 for controlling a common E-DCH
resource assumed to have been allocated to the UE 10 shown
in FIG. 5A. The base station 12 receives control signaling and
data (baseband information) from the UE 10 over the radio
interface via an antenna and one or more transceivers 30. The
baseband information is processed in an HARQ controller 32
which detects successfully received PDUs and retires their
corresponding HARQ processes. For incomplete HARQ pro-
cesses, the HARQ controller 32 requests retransmission of
the corresponding PDUs. The HARQ controller 32 sends the
successfully received PDUs to a MAC controller 34 which
performs reordering, reassembly, and logical channel
de-multiplexing. The RL.C controller 36 performs retransmis-
sion support and re-segmentation. A common uplink radio
resource controller 38 controls the HARQ controller 32 and
MAC controller 34 to detect whether to release the common
E-DCH resource allocated to the UE 10. For error cases, like
signaling errors or UEs moving out of coverage, the uplink
radio resource controller 38 can use a release timer to release
the common E-DCH resource. The uplink radio resource
controller 38 can stop a UE from transmitting on a common
E-DCH resource by sending a grant on the E-AGCH with the
primary E-RNTT indicating INACTIVE on all HARQ pro-
cesses.

[0045] FIG. 6 is a flowchart illustrating non-limiting
example steps that may be implemented in a UE, such as the
non-limiting example UE shown in FIG. 5A, for reliably and
efficiently managing common E-DCH resources. Initially,
the UE receives data in a transmit buffer such as the buffer 14
shown in FIG. 5A (steps S10). The UE sends a message on the
RACH to the base station requesting access to a common
E-DCH resource for uplink transmission (step S12). The RLC
controller 16 then takes data from its transmit buffer to create
RLC PDUs (step S14). A decision is made in step S16
whether there is any more data in the RLC buffer 14. If so, the
MAC controller 18 creates a MAC_PDU fromthe RLC_PDU
(step S18). The MAC_PDU is then transmitted over the radio
interface of the UE’s transceiver (step S20) and control
returns to step S14.

[0046] If there is no more data in the UE’s transmit buffer
14, the MAC controller 18 creates a MAC_PDU that includes
an indicator indicating that the mobile’s transmit buffer is
empty (step S22). The MAC controller 18 then provides that
last MAC_PDU to the transceiver 22 for transmission over
the radio interface (step S24). A decision is made in the UE in
step S26 whether all of the HARQ processes for this UE
uplink transmission have been completed (step S26). If they
are, the UE releases the common E-DCH resource (step S28).
Ifthe HARQ processes are not finished, the HARQ controller
32 in the base station performs the necessary HARQ retrans-
missions for the still pending HARQ processes (step S30). A
decision is made in step S32 whether a maximum number of
HARQ (re)transmissions has been reached. If not, HARQ
(re)transmissions are continued in step 30. But if the maxi-
mum number has been reached, the common E-DCH
resource is released (step S28).
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[0047] FIG. 7 is a flowchart illustrating non-limiting
example steps that may be implemented in a base station/
NodeB 12 for reliably and efficiently managing common
E-DCH resources. The base station detects a preamble from a
RACH message sent by the UE requesting the common
E-DCH resource for uplink radio transmission (step S40).
The common uplink resource controller 38 in the base station
12 assigns the common E-DCH resource to the UE 10 (step
S42). The common uplink resource controller 38 starts or
restarts an E-DCH release timer (step S44). A decision is
made by the common uplink resource controller 38 whether
an uplink transmission on the common E-DCH resource has
been detected (step S46). If not, the common uplink resource
controller 38 determines whether the E-DCH release timer
has expired in step S48. If not, control returns to decision
block (step S46). But if the timer is expired, the common
uplink resource controller 38 releases the common E-DCH
resource from the UE (step S50). If an uplink transmission is
detected in the base station from the UE on the common
E-DCH resource, the base station decodes the received packet
(step S52). A decision is made by the common uplink
resource controller 38, which receives buffer empty informa-
tion from the MAC controller 34, whether the received packet
includes a buffer empty indication (step 54). If not, the com-
mon uplink resource controller 38 restarts the E-DCH release
timer in step S44, and processing continues on at step S46.
But if a buffer empty indication is included in the received
packet, the HARQ controller 32 determines whether the
HARQ processes for this UE’s uplink transmission have been
completed (step S56). If so, the common E-DCH resource is
released (step S50). If not, a decision is made whether a T1
timer has expired indicating that an HARQ processing time
limit has expired (step S58). If so, the common uplink
resource controller 38 releases the common E-DCH resource
(step S50). If not, control returns to decision block S56.

[0048] Referring to FIG. 8, a non-limiting example net-
work 100 that supports a common E-DCH resource is illus-
trated. The UE 10 and the base station 12 may used in such a
network 100, but they are not limited to use in this particular
kind of network. Network 100 may accommodate one or
more standard architectures including a universal mobile tele-
communications system (UMTS) and other systems based on
code division multiple access (CDMA), GPRS/EDGE and
other systems based on time division multiple access
(TDMA) systems, LTE and other systems based on orthogo-
nal frequency division multiplexing (OFDM), etc. The net-
work 100 includes aradio access network (RAN) 140 and one
ormore core network(s) 120. One non-limiting example radio
access network is the UMTS terrestrial access network (UT-
RAN)used in third generation cellular systems. Core network
140 supports circuit-based communications and packet-
based communications. The RAN 140 may include (but does
not require) one or more radio network controllers (RNCs)
160. The technology in this case may be applied to other
RANS, such as those used in LTE and WiMax, that do not
employ RNCs. Each RNC (if used) is coupled to one or more
radio base stations (RBSs) 180 sometimes referred to as
NodeB’s. The communications interface between Node Bs
and RNCs is referred to as the Iub interface, and the commu-
nications interface between RNCs is referred to as the Iur
interface. Transport of information over the Tub and Iur inter-
faces is typically based on asynchronous transfer mode
(ATM) or Internet Protocol (IP), for example. User equip-
ment (UE) terminals 200 (also referred to hereafter as mobile
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terminals) communicate over an air or radio interface with the
RAN 140. The radio interface is referred to as the Uu inter-
face. The two center mobile terminals are shown communi-
cating with both RBSs 180.

[0049] The RAN 140 supports both high speed downlink
packet access (HSDPA) and high speed uplink packet access
(HSUPA), also referred to as “enhanced uplink” and as
enhanced uplink dedicated channel (E-DCH). As explained
above, enhanced uplink employs several uplink channels
including the enhanced dedicated physical data channel
(E-DPDCH) carrying enhanced uplink data (at higher bit
rates) in addition to the normal dedicated physical data chan-
nels (DPDCHs) used for regular uplink data communication.
The dedicated physical control channel (DPCCH) carries
pilot symbols and out-of-band control signaling, and the
enhanced dedicated physical control channel (E-DPCCH)
carries uplink scheduling requests.

[0050] FIG. 9 illustrates a non-limiting example protocol
architecture for supporting efficient and reliable use and
release of the common E-DCH resource by UEs. The UE uses
the MAC-i protocol to transmit the Scheduling Information
(S) field indicating an empty buffer to the NodeB, thus
implicitly indicating that it will release the common E-DCH
resource after successful completion of all HARQ processes.
The NodeB uses the physical control channel E-AGCH, ter-
minated in the PHY layer, to explicitly indicate the release of
the common E-DCH resources to the UE.

[0051] The technology in this application provides many
different ways to efficiently use and release a common uplink
radio resource like the common E-DCH resource. Several
example embodiments use existing message fields and timers
to accomplish these ends. Several example embodiments also
enhance the reliability of the release by providing an oppor-
tunity for all HARQ processes to complete even though a UE
buffer empty indicator is signaled and/or by using one or
more timers to ensure that release is not held up for too long.
Also, the fact that the scheduling information is included in
the MAC-i header means that it is covered by the HARQ
transmissions, thus making the indication very reliable. The
added possibility for the base station to explicitly release
common E-DCH resources by using the E-AGCH provides a
good mechanism for managing common E-DCH resources.
For instance, in case of overload, the base station can use the
explicit release mechanism to quickly free up resources.

[0052] Although various embodiments have been shown
and described in detail, the claims are not limited to any
particular embodiment or example. None of the above
description should be read as implying that any particular
element, step, range, or function is essential such that it must
beincluded in the claims scope. The scope of patented subject
matter is defined only by the claims. The extent of legal
protection is defined by the words recited in the allowed
claims and their equivalents. Reference to an element in the
singular is not intended to mean “one and only one” unless
explicitly so stated, but rather “one or more.” All structural
and functional equivalents to the elements of the above-de-
scribed preferred embodiment that are known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method to
address each and every problem sought to be solved by the
present invention, for it to be encompassed by the present
claims. It is not necessary for a device or method to address
each and every problem sought to be solved by the present
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technology, for it to be encompassed by the present claims.
No claim is intended to invoke paragraph 6 of 35 USC § 112
unless the words “means for” or “step for” are used. Further-
more, no embodiment, feature, component, or step in this
specification is intended to be dedicated to the public regard-
less of whether the embodiment, feature, component, or step
is recited in the claims.

What is claimed is:

1. A method in a User Equipment (UE) of releasing a
common Enhanced Dedicated Channel (E-DCH) resource
allocated to the UE by a radio network node, the UE being in
a CELL_FACH state, further comprising:

determining that the common E-DCH resource allocated to

the UE should be released; and

signaling to the radio network node release of the common

E-DCH resource.

2. The method according to claim 1, wherein the release of
the E-DCH resource is signaled on protocol layer 1 or proto-
col layer 2 with message fields already in use in a CELL,_
DCH state for other purposes.

3. The method according to claim 1, wherein the common
E-DCH resource is released when the UE detects that a trans-
mit buffer in the UE is empty.

4. The method according to claim 3, wherein the UE sig-
nals the release to a base station by including a Scheduling
Information (SI) field in a last Media Access Control (MAC)
Packet Data Unit (PDU) stored in the transmit buffer which is
sent by the UE using the common E-DCH resource.

5. The method according to claim 4, wherein the transmit
buffer is an E-DCH buffer and the SI field indicates a total
E-DCH buffer status of zero.

6. The method according to claim 4, wherein the UE sig-
nals the release of the common E-DCH resource to the base
station by setting an E-DCH-Transport Format Combination
Identifier (E-TFCI) or a happy bit on a physical layer control
channel to indicate release of the common E-DCH resource.

7. The method according to claim 5, wherein the UE
releases the common E-DCH resource upon receiving an
Acknowledgement (ACK) for all outstanding Hybrid Auto-
matic Repeat Request (HARQ) processes associated with the
UE’s transmissions to the base station using the allocated
common E-DCH resource or upon reaching a predetermined
maximum number of HARQ transmissions.

8. The method according to claim 7, wherein the common
E-DCH resource is released when an HARQ reordering timer
has expired for the last MAC PDU.

9. The method according to claim 1, further comprising:

setting a release timer with a predetermined value associ-

ated with the common E-DCH resource; and

releasing the common E-DCH resource upon expiry of the

release timer.

10. A method implemented in aradio base station of releas-
ing a common Enhanced Dedicated Channel (E-DCH)
resource allocated for use by a User Equipment (UE) in a
CELL_FACH state, comprising:

the radio base station determining that the common

E-DCH resource allocated to the UE should be released;
and

the radio base station sending an inactive grant on a E-DCH

resource grant channel to the UE instructing the UE to
release the common E-DCH resource.

11. The method according to claim 10, wherein the inactive
grant on the E-DCH resource grant channel means that the
release is executed even though there may be outstanding
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unfinished Hybrid Automatic Repeat Request (HARQ) pro-
cesses associated with the UE’s transmissions to the base
station using the allocated common E-DCH resource.

12. The method according to claim 10, further comprising:

setting a release timer with a predetermined value associ-

ated with the common E-DCH resource; and

releasing the common E-DCH resource upon expiry of the

release timer.

13. A method of releasing a common Enhanced Dedicated
Channel (E-DCH) resource in a radio base station allocated
for use by a User Equipment (UE) in a CELL._FACH state,
comprising:

setting a common E-DCH resource release timer with a

predetermined value associated with the common
E-DCH resource; and

releasing the common E-DCH resource upon expiry of the

common E-DCH resource release timer.

14. The method according to claim 13, wherein the com-
mon E-DCH resource release timer is started when the com-
mon E-DCH resource is assigned to a UE.

15. The method according to claim 14, wherein the com-
mon E-DCH resource release timer is stopped when uplink
transmission has been detected from the UE on the common
E-DCH resource.

16. The method according to claim 13, wherein the com-
mon E-DCH resource release timer is implemented in the UE.

17. The method according to claim 13, wherein the com-
mon E-DCH resource release timer is implemented in the
radio base station.

18. User Equipment (UE) apparatus arranged to release a
common Enhanced Dedicated Channel (E-DCH) resource
allocated to the UE by a radio network node, the UE being in
a CELL_FACH state, the UE apparatus comprising electronic
circuitry arranged to:

determine that the common E-DCH resource allocated to

the UE should be released; and

signal to the radio network node release of the common

E-DCH resource.

19. The UE apparatus according to claim 18, wherein the
electronic circuitry is arranged to signal release the E-DCH
resource on protocol layer 1 or protocol layer 2 with message
fields already inuse in a CELL_DCH state for other purposes.

20. The UE apparatus according to claim 18, wherein the
electronic circuitry is arranged to release the common
E-DCH resource when the UE detects that a transmit buffer in
the UE is empty.

21. The UE apparatus according to claim 20, wherein the
electronic circuitry is arranged to signal the release to a base
station by including a Scheduling Information (SI) field in a
last Media Access Control (MAC) Packet Data Unit (PDU)
stored in the transmit buffer which is sent using the common
E-DCH resource by the UE.

22. The UE apparatus according to claim 21, wherein the
transmit buffer is an E-DCH buffer and the SI field indicates
a total E-DCH buffer status of zero.

23. The UE apparatus according to claim 21, wherein the
electronic circuitry is arranged to signal the release of the
common E-DCH resource to the base station by setting an
E-DCH-Transport Format Combination Identifier (E-TFCI)
or a happy bit on a physical layer control channel to indicate
release of the common E-DCH resource.
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24. The UE apparatus according to claim 23, wherein the
electronic circuitry is arranged to release the common
E-DCH resource upon receiving an Acknowledgement
(ACK) for all outstanding Hybrid Automatic Repeat Request
(HARQ) processes associated with the UE’s transmissions to
the base station using the allocated common E-DCH resource
or upon reaching a predetermined maximum number of
HARQ transmissions.

25. The UE apparatus according to claim 24, wherein the
common E-DCH resource is released when an HARQ reor-
dering timer has expired for the last MAC PDU.

26. The UE apparatus according to claim 18, further com-
prising:

a release timer arranged with a predetermined value asso-

ciated with the common E-DCH resource,

wherein the electronic circuitry is arranged to release the
common E-DCH resource upon expiry of the release
timer.

27. Radio base station apparatus for releasing a common
Enhanced Dedicated Channel (E-DCH) resource in a radio
base station allocated for use by a User Equipment (UE) in a
CELL_FACH state, comprising electronic circuitry arranged
to:

determine that the common E-DCH resource allocated to
the UE should be released; and

send an inactive grant on a common E-DCH resource grant
channel instructing the UE to release the common
E-DCH resource.

28. The radio base station apparatus according to claim 27,
wherein the inactive grant on the common E-DCH resource
grant channel means that the release is executed even though
there may be outstanding unfinished Hybrid Automatic
Repeat Request (HARQ) processes associated with the UE’s
transmissions to the base station using the allocated common
E-DCH resource.

29. The radio base station apparatus according to claim 28,
further comprising:

a release timer with a predetermined value associated with

the common E-DCH resource,

wherein the electronic circuitry is arranged to release the
common E-DCH resource upon expiry of the release
timer.

30. Radio base station apparatus for releasing a common
Enhanced Dedicated Channel (E-DCH) resource in a radio
base station allocated for use by a User Equipment (UE) in a
CELL_FACH state, comprising:

a common E-DCH resource release timer with a predeter-
mined value associated with the common E-DCH
resource; and

electronic circuitry arranged to release the common
E-DCH resource upon expiry of the common E-DCH
resource release timer.

31. The radio base station apparatus according to claim 30,
wherein the release timer is arranged to start when the com-
mon E-DCH resource is assigned to a UE.

32. The radio base station apparatus according to claim 31,
wherein the electronic circuitry is arranged to stop the release
timer when uplink transmission has been detected from the
UE on the common E-DCH resource.
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