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ALLOCATING RESOURCES FOR SHARED
AND NON-SHARED DOWNLINK WIRELESS
RESOURCES

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

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national phase application of
International Application No. PCT/EP2005/051549, filed
Apr. 7, 2005, which claims prionity to Umted Kingdom
Application No. 0408202.0, filed Apr. 13, 2004, the contents
of which are hereby incorporated by reference mto the
present disclosure in their entirety.

FIELD OF THE INVENTION

This 1nvention relates to communication systems and
particularly (though not exclusively) to dynamic channel
assignment in cellular communication systems such as
3GPP (3" Generation Partnership Project) radio communi-
cation systems.

BACKGROUND OF THE INVENTION

In UTRA (Universal Mobile Telecommunication System
Terrestrial Radio Access) TDD mode within 3GPP, both
dedicated and shared channels are supported. Dedicated
channels give a reserved resource to a user, 1n contrast to
shared channels 1n which a pooled resource 1s dynamically
shared amongst users. Dedicated channels are best suited to
near constant bandwidth traflic, typically speech or streamed
audio/video. Shared channels are more suited to bursty
traflic, typically packet data services such as internet trafhic.
In UTRA TDD mode, when a dedicated channel (DCH) 1s
admitted, physical resources (channelisation codes and
timeslots) are reserved for 1ts exclusive use. This reservation
1s often called channel allocation. Two forms of channel
allocation are employed:

fixed channel allocation (FCA)

dynamic channel allocation (DCA).

In FCA, the codes and timeslots for the DCH are selected
at random from those available 1n the cell.

In DCA, the code and timeslot assignment 1s intelligent.
The following classification of DCA schemes 1s known, for
example from the publication by H. Haas and S. McLaugh-
lin “A dynamic channel assignment algorithm for a Hybnid
TDMA/CDMA-TDD interface using a novel TS-opposing

technique™ 1n IEEE 1. Sel. Areas Comms. 19(10) 2001:

Trafhic-adaptive channel allocation: based upon the traflic
loading on neighbouring cells, a common pool of
channels (codes and timeslots) 1s shared such that
heavily loaded cells recetve more channels. Adjusting
the downlink-uplink timeslot division 1n a cell(s) may
also be considered here. (note that 11 the division 1s not
equal 1 every cell then UE-UE (remote station-remote
station) and Node B-Node B (base station-base station )
interference sources arise).
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2

Re-use partitioning: this may be employed when an
operator has a number of carriers which may be
deployed 1n a re-use pattern.

Intertference-based DCA: channels are assigned based
upon interference power measurements at the Node B
or the UE. These schemes match well to TD-CDMA

which 1s typically interference limited, and they may be
deployed 1n a decentralised architecture giving low
algorithmic complexity.
DCA schemes may be either centralised or decentralised.
A centralised algorithm would be located at the RNC (Radio

Network Controller) and would exploit measurements made
at a number of Node B’s and UFEs 1n 1ts decision making.
The impact of an admission 1n one cell on the performance
of admitted connections i the same and other cells may be
determined. Resources from a number of cells may be
considered on a collective or pooled basis. Such an algo-
rithm requires significant signalling, may be computation-

ally complex, and may not scale as the number of cells under
the RNC 1s increased.

A decentralised algorithm manages DCH admissions for
a single cell (typically). It 1s located at the RNC, where
admission 1s performed, and where measurements are avail-
able. The complexity i1s considerably reduced, and scaling
considerations are easy to estimate (the total complexity for
the RNC 1s proportional to the number of cells under the
RNC).

DCA may also be used to reassign the resources of calls
in progress to permit the admission of new calls, or to
improve their QoS. For example, a voice user may be
experiencing high mterference in one timeslot, and the DCA
algorithm may reassign the user to another timeslot which
has lower interference levels.

Call Admaission Control

DCA works very closely with Call Admission Control
(CAC). Execution of a CAC algorithm is required when UEs
are supported with some guarantees of quality of service.
Users of 3GPP traflic class="“Interactive” only expect to
receive better service than other interactive users with lesser
traffic handling priority, whilst users of 3GPP traflic
class="background” have no expectations (this 1s truly best
cilort). However, users of 3GPP traflic
class="conversational” or “streaming” have delay and band-
width requirements. The CAC needs to balance the contlict-
ing requirements of low blocking probability and low drop-
ping probability. Dropping occurs when an ongoing call 1s
prematurely terminated and 1s perceived by users as more
objectionable than blocking (when the system does not
allow a call to be mitiated in the first place): the blocking
probability 1s thus set higher than the dropping probabaility.
The CAC maintains the loading on the network below a
threshold level such that the dropping probability 1s accept-
able.

Network loading may be measured 1n terms of:

number of UEs admitted (of each traflic class/quality of

service parameters)

Node B interference (uplink)

Node B transmit power (downlink)

Interference 1s composed of two parts, mtracell interfer-
ence arising from transmissions to/from UEs attached to the

same cell, and intercell interference arising from transmis-
sions to/from UEs attached to other cells.

CAC 1s needed:

on new call attempts
on handovers

on channel reallocation mitiated by DCA.
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In the publication “D06: Conceptual studies on Radio
Resource and Qos Management Algorithms™ (available at
web address http:// www.arrows-1st.upc.es/publications/de-
liverables/Summary_Arrows-D06.pdf), a distinction 1s
drawn between DCA and CAC. A first DCA algorithm

described 1n this application maintains an ordered list of
timeslots which should be considered when an admission 1s

to be made (this could be a new call, a handover, or a
reallocation). The CAC takes a timeslot from the top of this
list and evaluates whether the addition of the UE into this
timeslot would generate acceptable interference to existing,
calls. Additionally, a second DCA algorithm can identily
calls for reallocation from one timeslot to another—{ior
example, to improve speech quality. However, this publica-
tion does not enable dedicated and shared channels to
coexist.

Coexistence of Dedicated and Shared Channels

Although the coexistence of dedicated channels (managed
by DCA) and shared channels (managed by a radio sched-
uler) has not been addressed for 3GPP TDD, 1n the past, to
the knowledge of the inventors hereof, clearly there are two
possible methods of assigning the codes and timeslots to
dedicated and shared channels:

segregation: slots are used exclusively by either dedicated

or shared channels

mixing: slots support both dedicated and shared channels

at the same time.

A discussion of a possible interference based DCA tech-
nique 1s included 1 3GPP specification TR 25.922 (avail-
able from the website www.3gpp.org). The method 1s based
upon interference measurements made by the UE and the
Node B (timeslot Interference Signal Code Power or ISCP,
1.e., tercell terference). The algorithm 1s decentralised
and located at the RNC. The algorithm covers both slow
DCA and fast DCA. Slow DCA mvolves adjustments to the
DL/UL (downlink/uplink) split across cells. The DL/UL
split 1s adjusted for each cell independently of other cells.
Fast DCA allocates resources more rapidly. Code pooling
and timeslot pooling are discussed (1n code pooling a DCH
1s allocated a number of codes 1n the same timeslot, whilst
in timeslot pooling a single code and multiple timeslots are
used). Channel reallocation (intra-cell handover) can be
triggered to cope with varying interference conditions, or to
reduce fragmentation of codes and timeslots that a DCH
uses. UE measurements to support DCA include ISCP, path
loss measurements, link quality measurement and UE trans-
mit power values.

In the publication “D06: Conceptual studies on Radio
Resource and (Qos Management Algorithms” referred to
above and in the publication by M. Haardt et al., “The
TD-CDMA based UTRA TDD Mode”, IEEE ] Sel Areas
Comms 18(18), August 2000, the DCA algorithm generates

a priority list of timeslots according to long and short term

[ 1

recording and statistical evaluation of interference, at the UE
and the Node B. This 1s used by the CAC. The DCA
algorithm described reallocates resources to minimise the
number of timeslots used. However, these publications do
not enable dedicated and shared channels to coexist.

In the publications by Berg, “Maintaining high capacity
for centralised DCA with limited measurements and signal-
ling”, PIMRC 1999, and “Radio resource management 1n
bunched personal communication systems”, PhDD Thesis,
March 2002, Royal Institute of Technology, Stockholm, a
centralised DCA algorithm has been evaluated that exploits
knowledge of the gain matrix (the matrix of path gains
between UEs and Node B’s) and the transmit power of each
UE. The method ensures that all SIR targets are met, or the
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4

new call 1s not admitted. The first of these publications
suggests ways to compensate for gaps 1n the gain matrix—
by using values taken by other UEs 1n the same cell, or by
setting a higher SIR target for the new admission than
necessary and allowing the power control to adjust this
during the call. A third method discards the gain matrix
approach and instead admits the UE to the timeslot 1n which
it measures the minimum interference. However, such gain
matrix calculations are complex.

In the publication by I. Forkel et al., “Dynamic channel
allocation in UMTS Terrestial Radio Access TDD systems”,
VTC 2001, the admission attempt 1s made into the DL and
UL tlmeslots with the minimum interference. The admission
1s allowed 11 the interference levels 1n the two directions are
below their respective threshold values (these can be service
type dependent). A more advanced scheme allows the allo-
cation for a voice call to be changed if the bit error rate
(BER) exceeds a threshold for a given duration. The DCA
scheme gives C/I gains over FCA but little voice capacity
improvement. Furthermore, this publication does not enable
dedicated and shared channels to coexist, and the DCA and
CAC metrics are crude.

In the publication by I. Forkel & T. Kriengchaiyapruk,
“Management of circuit and packet switched data in UMTS
terrestrial radio access networks”, 3G Wireless 2001, a
‘timeslot scoring method’ 1s applied where a timeslot 1s
chosen at random from the set of timeslots whose 1nterfer-
ence falls below a threshold, and have suflicient capacity. In
this technique, code pooling 1s used, otherwise the DCA and
the CAC would be more complex and less reliable. How-
ever, this publication does not enable dedicated and shared
channels to coexist.

From patent publication EPO817521, “Interference based
dynamic channel assignment™, it 1s known to use long and
short term 1nterference measurement lists on DL and UL.
The algonthms are decentralised, on a per cell or per sector
basis.

From patent publication EP0986928, “DCA method 1n a
cellular radio communication network™, it 1s known to
maintain priority indices based upon periodic measurements
of radio parameters. This publication 1s orientated to a
frequency channel assignment. However, this publication
does not enable dedicated and shared channels to coexist and
its application to timeslot assignment 1s not clear.

In patent publication EP1063791, “CDMA communica-
tion method using a dynamic channel code assignment, and
a base station performing the method”, a channelisation
code used by a UE 1s changed in response to interference
measurements. However, this publication 1s restricted to a
limited algorithm for an FDD (Frequency Division Duplex)
system.

There are known a number of publications mnvolving Call
Admission Control for WCDMA, but these are generally
oriented towards 3GPP FDD (Frequency Division Duplex)
mode. In the publication by H. Holma & A. Toskala (edi-
tors), “W-CDMA for UMTS”, John Wiley, 2000, an inter-
ference based algorithm 1s described for the FDD mode. On
the uplink, the expected interference at the Node B after
admission 1s compared to a threshold. The difliculty 1s 1n
estimating how much additional interference 1s generated by
the new admission. Two solutions are described, the deriva-
tive and integral methods which both exploit knowledge of
the shape of the interference versus load curve I=1/(1-n)
where 1 1s the load). On the downlink the expected transmit
power following admission 1s compared to a threshold. The
increment 1 power 1s estimated by an open loop calculation.

The downlink algorithm 1s applicable to the TDD mode. The
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uplink algorithm 1s not applicable to TDD mode since in
TDD mode, the Node B detector eliminates most of the

intracell interference (thus adding another user to a TDD cell

will not increase the detected Node B interference in that
cell).

In the publication by J. Lee & Y. Han, “Downlink

admission control for multimedia services m WCDMA”,
IEEE International Symposium on Personal, Indoor and

Mobile Radio Commumnications (PIMRC) 2002, a simple

downlink method 1s described that uses a transmit power
threshold value.

There are a number of papers where uplink CAC 1s based
on Node B mterference estimation. They differ in the
method 1n which the interference increment 1s calculated,
and also 1n whether the impact on the serving cell or on
neighbouring cells 1s included too. The publication by Kim
et al., “SIR-based call admission control by intercell inter-
terence prediction for DS-CDMA systems”, IEEE Comms.
Letters, 4(1), 2000, extends the work of Z. Liu and M. E.
Zarki 1n the publication “SIR-based call admission control
tor DS-CDMA systems™, IEEE J. Sel. Areas Comms., 12,
1994 to base an algorithm on ‘Residual Capacity’, Wth_’l
expresses the number of calls which can be accepted 1n each
cell following the admission of the user in question. The
residual capacity 1s calculated for the intended serving cell
and all the neighbours for which the UE 1s able to make
pilot/beacon measurements of. If the residual capacity 1s
greater than or equal to 1 for all cells, then the call i1s
admuitted. This method may be usetul if the SIR needs of the
UESs are the same and suflicient measurements are available
to the algorithm. The complexity 1s moderate. However, this
method 1s limited by the restriction of equal SIR needs and
inappropriately includes intracell interference 1n its work-
Ings.

In the publication by N. Dimitrou & R. Tatazoll1, “Quality
of service for multimedia CDMA”, IEEE Comms. Mag. July
2000, there 1s presented a simple uplink CAC algorithm
based on an interference threshold, which can consider the
impact on the local cell or on multiple cells. However, this
algorithm 1s relatively inaccurate and unsophisticated.

In the publication by F. Gunnarsson et al., “Uplink
admission control in WCDMA based on relative load esti-
mates’’, International conference on comms. 2002, a formula
1s derived for the relative (uplink) load on a cell as a function
of the SIR target of the service, the path gain between each
UE and 1ts serving site, and the path gain between the UE
and the cell in question. The CAC algorithm calculates the
new relative load in each cell which would follow an
admission, and compares these values against a threshold.

The relative load 1n cell j 1s:

R g;;

where

1 1s the mobile number, ranging from 1 to M, 1n the
system,

CTIR, 1s the target value of the carrier to total interference
ratio for mobile 1 at 1ts serving site, Kk,

g,; 1s the path gain from mobile 1 to cell J,

g.. 15 the path gain from mobile 1 to 1ts serving site, cell
k.

A call 1s admitted provided the relative load 1s less than

the threshold for each cell considered. The authors claim that
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measurements of path gain are more accurate than those of
noise or mterference at the Node B (as used 1n the publica-
tion by Kim et al., “SIR-based call admission control by
intercell interference prediction for DS-CDMA systems”,
referred to above). If a mobile 1s too distant to be able to
measure the beacon of a cell 1t 1s not 1included 1n the relative
load calculation for that cell. Measurement load 1s mini-
mised by relying upon mitial measurements and thereafter
those available at handover. Cell centre UEs offer few
measurements (no handovers) but their interference contri-
bution 1s less than those of cell edge UEs. The approach may
be used for multiple services (the CTIR value 1s changed
appropriately). This paper considers FDD where intracell
interference cannot be cancelled and 1s not directly appli-
cable to TDD for the serving cell.

Thus, although many different algorithms are known for
channel allocation, these are not optimal for all conditions
and systems. In particular, known channel allocation
schemes are not i1deally suited for communication systems
comprising both shared and dedicated communication chan-
nels.

Hence, an improved system would be advantageous and
in particular a system allowing increased {tlexibility,
improved performance, improved utilisation of shared and
dedicated channels and/or improved suitability of a range of
communication systems including TDD communication
systems would be advantageous.

STATEMENT OF INVENTION

Accordingly, the Invention seeks to preferably mitigate,
alleviate or eliminate one or more of the above mentioned
disadvantages singly or in any combination.

In accordance with a first aspect of the present invention
there 1s provided a method of allocating a dedicated com-
munication channel 1n a cellular communication system.

In accordance with a second aspect of the present mnven-
tion there 1s provided an apparatus of allocating a dedicated
communication channel 1n a cellular communication system.

In accordance with a third aspect of the present invention
there 1s provided a method for dynamic channel assignment
in a TDD radio communication system.

In accordance with a fourth aspect of the present mnven-
tion there 1s provided an arrangement for dynamic channel
assignment 1 a TDD radio communication system.

The invention may allow an improved channel allocation
in cellular communication systems and may in particular
provide for an improved allocation of shared and dedicated
communication channels. The invention may additionally or
alternatively allow an eflicient and low complexity imple-
mentation.

By one approach the disclosed concepts will include the
step of allocating a channel timeslot for use as a dedicated
channel by:

testing each of a plurality of selected shared channel
timeslots for code resource acceptability, transmit power
acceptability and intercell interference acceptability; and

11 the testing fails selecting a shared channel timeslot with
lowest timeslot number and testing the selected shared
channel timeslot for transmit power acceptability and inter-
cell interference acceptability.

It will be appreciated that in some embodiments the
present 1nvention 1s based on interference based DCA,
concerns a DCA method that 1s decentralised for the down-
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link but centralised in the uplink, includes CAC algorithms,
and employs a segregation of dedicated and shared channels.

BRIEF DESCRIPTION OF THE

DRAWING(S)

One dynamic channel assignment scheme for TDD radio
communication networks with coexisting dedicated and
shared channels incorporating the present invention will
now be described, by way of example only, with reference
to the accompanying drawing(s), 1n which:

FIG. 1 shows a block schematic diagram illustrating a
3GPP radio communication system in which the present
invention may be used;

FIG. 2 shows a block schematic diagram illustrating
timeslot allocation of the TDD frame in the system of FIG.
1, incorporating the present invention;

FIG. 3 shows a block schematic diagram illustrating
uplink CAC flow 1n the system of FIG. 1, incorporating the
present mvention;

FIG. 4 shows a block schematic diagram illustrating
downlink CAC flow 1n the system of FIG. 1, incorporating
the present invention; and

FIG. 5 shows a block schematic diagram illustrating slot

allocation to DCH and DSCH 1n the system of FIG. 1,
incorporating the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENT(S)

The following preferred embodiment of the present inven-
tion will be described in the context of a UMTS Radio
Access Network (UTRAN) system operating in TDD mode.
However, 1t will be appreciated that the invention 1s appli-
cable to many other communication systems.

Referning firstly to FIG. 1, a typical, standard UMTS
Radio Access Network (UTRAN) system 100 1s conve-
niently considered as comprising: a terminal/user equipment
domain 110; a UMTS Terrestrial Radio Access Network
domain 120; and a Core Network domain 130.

In the terminal/user equipment domain 110, terminal
equipment (TE) 112 1s connected to mobile equipment (ME)
114 via the wired or wireless R interface. The ME 114 1s also
connected to a user service 1dentity module (USIM) 116; the
ME 114 and the USIM 116 together are considered as a user
equipment (UE) 118. The UE 118 communicates data with
a Node B (base station) 122 in the radio access network
domain 120 via the wireless Uu imterface. Within the radio
access network domain 120, the Node B 122 communicates
with an radio network controller (RNC) 124 via the Iub
interface. The RNC 124 communicates with other RNC’s
(not shown) via the Iur interface. The Node B 122 and the
RNC 124 together form the UTRAN 126. The RNC 124
communicates with a serving GPRS service node (SGSN)
132 1n the core network domain 130 via the Iu interface.
Within the core network domain 130, the SGSN 132 com-
municates with a gateway GPRS support node (GGSN) 134
via the Gn interface; the SGSN 132 and the GGSN 134
communicate with a home location register (HLR) server
136 via the Gr interface and the Gc interface respectively.
The GGSN 134 commumnicates with public data network 138
via the (1 interface.

Thus, the elements RNC 124, SGSN 132 and GGSN 134
are conventionally provided as discrete and separate units
(on their own respective soltware/hardware platiorms)
divided across the radio access network domain 120 and the
core network domain 130, as shown 1n FIG. 1.
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The RNC 124 1s the UTRAN element responsible for the
control and allocation of resources for numerous Node B’s
122; typically 50 to 100 Node B’s may be controlled by one
RINC. The RNC also provides reliable delivery of user traflic
over the air interfaces. RNC’s communicate with each other
(via the Iur interface) to support handover and macrodiver-
S1ty.

The SGSN 132 1s the UMTS Core Network eclement
responsible for Session Control and interface to the HLR.
The SGSN keeps track of the location of an imndividual UE
and performs security functions and access control. The
SGSN 1s a large centralised controller for many RNCs.

The GGSN 134 1s the UMTS Core Network element
responsible for concentrating and tunnelling user data within
the core packet network to the ultimate destination (e.g.,
internet service provider—ISP).

Such a UTRAN system and 1ts operation are described
more fully in the 3GPP technical specification documents
3GPP TS 25.401, 3GPP TS 23.060, and related documents,

available from the 3GPP website at www.3gpp.org, and need
not be described in more detail herein.

In some embodiments, as described 1n greater detail
below, the present mvention 1s based on realisations of
different co-operating DCA and CAC algorithms for a TDD
system 1n which the timeslots are individually used by
dedicated or shared channels only (timeslot segregation 1s
applied). In other words there are no timeslots 1n which
dedicated and shared channels exist together. For conve-
nience, the algorithms will be referred to as DCA1, DCA2
and CAC. Besides the algorithms themselves, the described
embodiments also include the dynamic management of the
timeslot allocation to dedicated and shared channel use, 1n
response to traflic needs. Thus, the described embodiments
may allow an improved utilisation of shared and dedicated
communication channels thereby providing a more eflicient
resource utilisation and thus increased capacity of the cel-
lular communication system as a whole.

The timeslot allocation of the TDD frame 200 1s shown 1n
FIG. 2. In this figure, uplink timeslots 210 that are used for
shared channels are labelled “USCH”, downlink timeslots
220 that are used for shared channels are labelled “DSCH”,
uplink timeslots 230 that are used for dedicated channels are
labelled “UL_DCH”, downlink timeslots 240 that are used
for dedicated channels are labelled “DL_DCH”. The figure
also shows 3 types of timeslot that are required to support
TDD operation: a “BCH” timeslot 250 1s used for broadcast
information, a “S-CCPCH” timeslot 260 1s used for forward
access information and the “RACH” timeslot 270 1s used for

1

random access by the UE.

It should be noted that the DL DCH slots 240 need not be
continuous, as drawn 1n the figure, but may be interspersed
with DSCH slots 220 (similarly for the uplink).

It should be noted that the division between DL and UL
1s assumed to be fixed and equal 1n all cells in the following
description, but 1t will be understood that many aspects of
the 1nvention are applicable to a dynamic division between
the two directions.

It will further be noted that the particular timeslot usage
shown 1n the figure 1s exemplary, and that a different
arrangement of slots (including the use of multiple divisions
between downlink and uplink) are also possible.

The minimum number of DCH slots for each direction 1s
zero, and the maximum number (Mg, e azgy?
N, rer aav) 18 @ function of the number of DL/UL slots
(n,,/n,,,) (set by an Operations and Maintenance (OAM)
function, the OAM function being a device—typically a
computer—that allows an operator to set parameters for




US RE47,568 E

9

network operation) and the admittance of trathic on shared
channels with delay guarantees. This can be explained as
tollows. The shared channels may carry traflic of conversa-
tional or streaming tratlic class which possess delay guar-

antees. In order to ensure the meeting of these guarantees,
one or more slots should be secured for the shared channels.

Of course, this number (0Npscry rEserveED’ Nyscr RESER VED)
will fluctuate according to the admitted trailic on shared

channels of this nature, it may be zero. Thus:

Npr per aax Npr— N pscr RESERVED

Neg per arax Nop— s RESERVED

Furthermore, 1n the described embodiments, the number
of DCH timeslots at any one time, and 1n a given cell, 1s
controlled by the DCA and CAC algorithms, as described
below. Essentially, the algorithm adjusts the number to
accommodate the traflic loading on the dedicated channels,
but subject to the maximum number (Myr per azgx’
N, rerr aas)- The initial number of DL and UL DCH slots
should be zero. Thus, the algorithms ensure that, if possible,
the number of DCH channels 1s automatically adjusted in
response to the traflic requirement for dedicated channels.

It will appreciated that the embodiments exploit the fact
that the multiuser detector-based TDD receiver eliminates
intracell interference and that intercell interference 1s domi-
nant.

The algorithms DCA1, DCA2 and CAC on which the
described embodiment of the present invention 1s based, will
now be described in more detail.

DCAI

This algorithm identifies the best candidate timeslot(s) for
new admissions (this may be a new call attempt, a handover
or a midcall reallocation). The candidate timeslots are held
in an ordered list—the CAC algorithm then takes timeslot(s)
from the head of this list when a new admission attempt 1s
to be processed. Thus, DCA1 determines a ranking for a
plurality of communication channels designated as DCH
channels. To maintain the ordered list (in many embodi-
ments a separate list 1s maintained for the uplink and
downlink), measurements are performed by the UE and the
Node B, and passed to the algorithm (at the RNC). The
measurements may be used to determine interference levels
and the ranking may be in response to the interference
levels.

DCA1 Downlink

When an admission attempt 1s to be processed, the UE
concerned 1s instructed to perform ISCP (Interference Signal
Code Power, a measure of intercell interference) measure-
ments for the existing (in use) DL DCH timeslots 1n the
prospective serving cell of the UE (there are n,; -z
timeslots). E

The UE also measures and reports the P-CCPCH (Primary
Common Control Physical Channel) RSCP (Received Sig-
nal Code Power) for the prospective serving cell (the
P-CCPCH RSCP i1s the received code power for a beacon
channel that can be received throughout the cell). The UE
sends these measurements to the RNC and the RNC orders
the timeslots 1n terms of increasing ISCP.

DCA1 Uplink

All the Node B’s under the RNC are instructed to measure
ISCP for all possible uplink DCH timeslots (1.e., over
N, nerr aqx SlOts). In the uplink, the ISCP 1s the uplink
intercell interference measured at the Node B.

In one aspect of the described embodiment of the present
invention, the metric for uplink DCA1 accounts for the
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dominance of intercell interference 1n TDD. This 1s based on
two metrics (“metricA” and “metricB”’), which are described
below.

The algorithm maintains an ordered list of timeslots 1n
increasing order of the metric, metricA (below), for each cell
under the RNC. It will be understood that a subset of these
cells could be used 1f required to ease computational com-
plexity. The list 1s restricted to the timeslots currently 1n use
by the UL DCHs 1n that cell, and updated following new
measurement reports.

N
metricAj, = ) ISCP,,

n=1n!=y

where

t 1s the timeslot,

n 1s the cell number,

1 1s the prospective serving cell,

N 1s the number of cells under the RNC, and

ISCP,,, 1s the intercell interference at cell n 1n timeslot t

An alternative metric, metricB, 1s presented below. This
metric estimates the maximum value of the ISCP across the
set of cells under the RNC for each cell following the
admission of UE 1.

The expected interference at cell n=7 in timeslot t follow-
ing the admission of the UE 1 1n cell j 1s:

In,f:IS CPH ?r( 1+ SIRrgrgin/gzj)

where
SIR,,, 1s the SIR (Signal to Interference Ratio) target for
UE 1,
g 1s the path gain from UE 1 to cell n=y, and
g,; 1s the path gain from UE 1 to cell |
The metricB determines the maximum value of the
expected interference across the cells:

metricB; /max,, (L, )

H;ﬁj

Timeslots are ordered 1n increasing order of metricB.
DCA2

DCA2 manages DCH resources midcall. It may be used
to 1dentity DCHs that should be reallocated from one
timeslot to another, for example, to improve the quality of
service (QoS) of the radio bearer, or to groom the interfer-
ence across the slots to improve the likelihood of successtul
future admissions (and thus maximising the system capac-
ity). DCAZ2 uses the list of timeslots maintained by DCAT1 as
candidates for new slot(s) to be used. It then calls CAC to
check that this timeslot(s) may be used.

Thus, the DCA2 algorithm may monitor ongoing calls
and may determine that 1t 1s desirable to switch a call to
another communication channel in the form of a different
time slot. The highest ranked time slot may then be used and
the feasibility of using this time slot 1s evaluated by the CAC
algorithm as described later.

Specific uses of DCAZ2 are given below:
Midcall Reallocation to Alleviate Outage of a UE

The RNC 1s able to identily when a UE 1s about to move
into “outage” when 1ts quality of service needs are not met,
by the following means:

a) 1t has hit 1ts maximum (uplink) transmit power. The
RNC 1s able to i1dentity when this occurs by a mea-
surement report that 1s sent from the UE to the RNC,

b) the block error rate 1s significantly above the target (this

1s called a radio link failure in 3GPP).
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If this occurs, 1n the prior art, the RNC moves the UE to
a different timeslot(s) (the RNC would move the UE to a
timeslot where there 1s less interference, such that the UE
may transmit at a lower power to achieve an 1dentical signal
to 1interference ratio). However, 1n the preferred embodiment
of the present invention, when the RNC identifies that the
UE 1s about to move into outage, 1t spreads the UE trans-
missions over more timeslots such that the transmit power
needed 1n any individual slot 1s reduced.

As an example of this aspect, 11 a speech UE (using a
dedicated channel) was admitted when 1t did not lie at the
cell edge, and was granted two units of physical resource 1n
one timeslot on the uplink (as an example in 3GPP TDD, the
UE could be granted a single SF8 code and one timeslot),
moves to the cell edge 1t 1s given an additional timeslot with
a single unit of physical resource (as an example, a single
SEF16 code 1n the case of 3GPP TDD), and the amount of
physical resource in the original timeslot 1s reduced to a
single unit (for example, 1 the case of 3GPP TDD, the
original code 1s reallocated to SF16). Thereby, by moving
the transmission from one to two timeslots the transmit
power of the UE 1n a timeslot 1s halved, but the data link to
the UE 1s maintained at the original data rate.

End of a Call

In the described embodiment, at the end of a call, 1f the
freeing of the dedicated channels used by that speech call
results 1n a new unused timeslot, that timeslot 1s released for
use by shared channels. Thus, on a determination of a cease
of the demand for the DCH, the communication channel, in
the form of the time slot, 1s re-allocated as a shared time slot.
This will ensure a dynamic distribution between shared and
dedicated channels that will match the current traflic require-
ments. The described embodiment may further allow a
higher prioritisation of dedicated channels than shared chan-
nels until the maximum number of dedicated channels 1s

allocated.
CAC

CAC 1s called when there 1s a new admission attempt
(new call, handover, midcall reallocation). It takes

timeslot(s) suggested by DCAI1 and tests to see 1f the new
admuission 1n the suggested timeslot would lead to an outage
or not. Thus, the CAC algorithm performs a feasibility test
for a test time slot to determine if this time slot 1s suitable
for allocation as the required DCH. The test time slot i1s
sequentially selected as the next time slot 1n the ranked list.

In the specific example, every Node B sends measurement
reports to the RNC of the Carrier power, P__, . ., for all
possible DL DCH timeslots (there will be n,;, ~rzr a4
such measurement reports). -

On an admission attempt, the uplink and/or downlink
admission steps below are taken.

Uplink CAC

In the preferred embodiment of the invention, the flow
chart 300 1n FIG. 3 shows the sequence of steps for uplink
CAC. The flow chart 1s described 1n terms of 3GPP termi-
nology where a DCH 1s a dedicated channel and an USCH
1s an uplink shared channel.

After start, each timeslot 1s taken (steps 310 and 350) 1n
turn from the DCAI1 list and tests (1) to (3)—steps 320 to
340—(described below) are applied to the timeslots until a
timeslot 1s found for which all tests are passed. Thus, the
ranked time slots are sequentially selected as test time slots
in the order in which they are ranked. The sequential
selection continues until a time slot 1s found which passes
the feasibility test. If no time slots are found that meets the
teasibility requirements, a time slot designated as a USCH
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1s re-designated as a DCH. This time slot 1s then tested and
if 1t meets the feasibility requirement, it 1s allocated as the
required DCH.

Thus, 11 all timeslots fail, a new timeslot 1s provisionally
acquired for UL DCH 1f the maximum number of UL DCH

slots (N;; pezr azax) has not been reached (stop 360). In an
aspect of the preferred embodiment of the invention, in such
circumstances, the USCH slot with the smallest available
timeslot number 1s sacrificed (provisionally) for DCH (step
370). Selecting the smallest available time slot number 1n a
system where DCH channels are allocated first in the frame
(lower time slot numbers) and USCH channels are allocated
last 1n the frame (higher time slot numbers) will allow the
DCH channels to be grouped together. It will be appreciated
that 1n systems having different configurations, other group-
ing criteria may be used.

This policy of grouping DCH time slots, when applied
across the one or many RNCs, aims to place the DCH slots
betore the USCH slots 1n all cells as far as possible. This
makes interference measurements used by DCA1l more
reliable since DCH slots with approximately constant band-
width are aligned across cells. Tests (2) and (3) (steps 380
and 390) are then performed with this newly released slot
(test (1) 1s not required since there 1s no DCH resource 1n the
new slot). If either test fails the CAC 1s deemed to have
tailed and the provisionally acquired timeslot 1s returned to
USCH usage.

Although the tests (1) to (3) 1n the flow chart of FIG. 3 are
described below 1n terms of 3GPP TDD, it will be under-
stood that these tests are generally applicable to other TDD
systems. The tests are as follows:

Test (1) Availability of Code Division Multiple Access
code: Check uplink code resource 1n the timeslot (the RNC
must ensure that there 1s a spare CDMA code(s) for use by
the UE 1n the uplink). Typically up to 100% of the code
space can be used, for example, 8 codes at SF8, but this
ceiling may be reduced by the OAM.

Test (2) Availability of user equipment transmit power:
Calculate the expected transmit power of the UE 1 to the
prospective serving cell 1 in accordance with the following
formula:

SIRsgr i (ISCP; ; + N, ;)
Sy

where
SIR, ., ; 1s the SIR target for the service of UE 1,
ISCP, , 1s the ISCP measured by the Node B j in timeslot
t,

g, 1s the pathgain from UE 1 to cell 1, and

N, ; 1s the thermal noise power at Node B j.

This 1s an approximation: 1t 1s assumed that the intracell
interference 1s zero, that the SIR will match the target, and
that the intercell interference will not increase following the
admission. Note, the thermal noise power may be measured
at the Node B (and passed to the RNC via OAM), or the
worst case value within the specification may be assumed.

p,; 1s compared with the maximum transmit power of the
UE.

Test (3) Acceptability of resulting interference level:
Check on whether the 1ntercell interference levels at the cell
sites will be acceptable after the admission: relative load
calculation. In the publication “Uplink admission control 1n
WCDMA based on relative load estimates” referred to
above, the relative load calculation includes intracell and
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intercell interference. In this aspect of the preferred embodi-
ment of the present invention, the relative load calculation
accounts for the fact that there 1s no intracell interference at
the Node B after the Node B has detected the TDD signal
(see equation below). The difference 1s incorporated by
restricting the set of terms included in the summation.
Inputs to the test are:
path gain measurements from each admitted mobile trans-
mitting 1n timeslot t to all neighbour cells (the UE will
only take measurements on the strongest neighbours,
path gains to other cells will be assumed to be zero)
path gain measurements from candidate mobile 1 to all
neighbour cells (the UE will only take measurements
on the strongest neighbours, this 1s set N )
calculation of the existing relative load on each cell n, 1n

timeslot t, L., as
Y SIR
LHI _ Z fg?,mg}-ﬂn
m=1,m¢S,, Emk

where

m 1s the mobile number, ranging from 1 to Mt, in the
system transmitting in timeslot t,

S 1s the subset of the Mt mobiles that are served by cell
n

SIR 1,
111,

g 1s the path gain from mobile m to cell n, and

g . 1s the path gain from mobile m to 1ts serving site, cell
k.

The algorithm used 1s as follows:

Calculate the new relative load for all cells for which path
gain measurements are available from UE 1 (but
excluding cell j, the prospective serving cell for UE 1),

VneN,, in accordance with the following formula

1s the signal to interference ratio target for mobile

A A SIR i&in
Lovew = Losorp + —=
gfj
Admit the user if L, , yepp=L,.... VneN,. L 1s typically

a parameter that may be set at the OAM. The typical
range of values for L., 1s O<L.  =<1.
Downlink CAC

The tlow chart 400 1n FIG. 4 shows the sequence of steps
of downlink CAC 1n accordance with the preferred embodi-
ment of the present invention. It may be noted that this flow
chart 400 shown 1n FIG. 4 for downlink CAC flow 1s similar
to the flow chart 300 for uplink flow shown in FIG. 3 and
described above. The flow chart of FIG. 4 1s described 1n
terms of 3GPP terminology where a DCH 1s a dedicated
channel and a DSCH 1s a downlink shared channel.

After start, each timeslot 1s taken (steps 410 and 450) 1n
turn from the DCAI1 list and tests (1) to (3)—steps 420 to
440—(described below) are applied to the timeslots until a
timeslot 1s found for which all tests are passed. If all
timeslots fail a new timeslot 1s provisionally acquired for DL
DCH 1f the maximum number of DL DCH slots
(N7 ez arqv) Das not been reached (step 460). In an aspect
of the preferred embodiment of the invention, in such
circumstances, the DSCH slot with the smallest timeslot
number 1s sacrificed (provisionally) for DCH (step 470).
This policy, when applied across the one or many RNCs,
aims to place the DCH slots betfore the DSCH slots 1n all
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cells as far as possible. This aims to align DCH usage
between cells for the reasons discussed above for uplink
CAC (FIG. 3). Tests (2) and (3) (steps 480 and 490) are then
performed with this newly released slot (test (1) 1s not
required since there 1s no DCH resource in the new slot). IT
either test fails the CAC 1s deemed to have failed and the
provisionally acquired timeslot 1s returned to DSCH usage.

FIG. 5 illustrates slot allocation to DCH and DSCH 1n
accordance with this feature of the described embodiment of
the present invention, and demonstrates how the DCH slots
are held to the lower slot numbers. As can be seen:

imitially, at stage 510, all timeslots (1 to 6) are allocated

for DSCH
next, at stage 520, DCH users are admitted in timeslot 1
next, at stage 530, more DCH users are admitted, requir-
ing exploitation of timeslots 2 and 3

next, at stage 540, all DCH users 1n timeslot 2 end their
calls, returning this timeslot to DSCH next, at stage
550, more DCH users are admitted; 11 they will not it
into timeslot 1 and/or timeslot 3, timeslot 2 1s reclaimed
for DCH

finally, at stage 560, when all users have ended their calls,

timeslots 1 to 3 are returned to DSCH; all timeslots 1
to 6 are then, as at stage 510, allocated to for DSCH

The tests 1n the tlow chart of FIG. 4 are described below
in terms of 3GPP TDD, though these tests are generally
applicable to other TDD systems. Note, these tests are not
novel but are included for completeness.

Test (1) Availability of Code Division Multiple Access
code: Check downlink code resource 1n the timeslot (the
RINC must ensure that there 1s a spare CDMA code(s) for use
by the UE 1n the downlink) Typically up to 100% of the code
space can be used, for example, 16 codes at SF16, but this
ceiling may be reduced by the OAM.

Test (2) Availability of base station transmit power: Check
that the DPCH transmit power does not exceed the maxi-
mum value set. Calculate the expected transmit power to the

UE 1 from cell 1 1n the timeslot 1n accordance with the
tollowing formula:
b _ IRy, ISCP,,
" RSCPy /P pecpen,;

where

SIR,.,; 1s the SIR target for the service of UE 1,

ISCP, , 1s the ISCP measured by the UE 1 1n timeslot t,

RSCP,; 1s the RSCP of the P-CCPCH measured by the UE

1 to cell g,
P, ccpen 18 the P-CCPCH transmit power of the cell j.

It will be understood by those skilled in the art that the
RSCP of the P-CCPCH 1s a measure of the received power
of the broadcast beacon channel (P-CCPCH) and that this 1s
reported by the UE to the RNC as a measurement. Thus the
term 1n the denominator of the above equation relates to the
path gain to UE 1.

Test (3) Availability of base station transmit power: Check
that the Node B can accommodate the additional transmit

power 1n the timeslot:

P +P, <P

caryvier 1] A

where P 1s set by the operator 1n the OAM tfunction and
P

i 18 determined by a common measurement report
passed from the Node B to the RNC.

It will be understood that the present invention 1s also
applicable to high speed DSCH, or HS-DSCH, introduced 1n
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Release 5 of 3GPP as a new form of shared channel on the
downlink. In principal, the downlink slots may accommo-
date DCH, DSCH and HS-DSCH channels together. The
only impact on the DCA 1s that the maximum number of DL
DCH slots (Npy; pezr azqxy) Must accommodate the needs of
HS-DSCHs carrying conversational or streaming traflic (in
the same way as discussed above for conversational or
streaming traflic on DSCH).

It will be appreciated that the method described above for
dynamic channel assignment for TDD radio communication
networks with coexisting dedicated and shared channels
may be carried out 1n soiftware running on processors (not
shown) 1 the RNC(s) and/or the UE(s), and that the
soltware may be provided as a computer program element
carried on any suitable data carrier (also not shown) such as
a magnetic or optical computer disc.

It will be also be appreciated that the method described
above for dynamic channel assignment for TDD radio
communication networks with coexisting dedicated and
shared channels may alternatively be carried out in hard-
ware, for example in the form of an integrated circuit (not
shown) such as an FPGA (Field Programmable Gate Array)
or ASIC (Application Specific Integrated Circuit).

It will be understood that the scheme for dynamic channel
assignment for TDD radio communication networks with
coexisting dedicated and shared channels described above
tends to provide one or more of the following advantages:

DCA1 and CAC uplink algorithm metrics account for
intercell interference, the most significant interference
source 1 TDD mode systems. This accuracy in the
algorithm ultimately leads to greater capacity.

Midcall reallocation according to DCAZ2 allows coverage
and quality of service to a user to be maintained when
a user moves from the centre of the cell to the cell edge
(e.g., a single timeslot SF8 allocation going to 2 allo-
cated timeslots each with SF16).

Dynamic split between dedicated channel timeslots and
shared channel timeslots allows the network to opti-
mise radio resources according to trathic type. This will
lead to an overall higher capacity when the network
supports both dedicated channels and shared channels.

Alignment of the DCH slots across many cells improves
the usefulness of measurements for DCA/CAC.

It will be appreciated that the above description for clarity
has described embodiments of the invention with reference
to different functional units and processors. However, 1t will
be apparent that any suitable distribution of functionality
between diflerent functional units or processors may be used
without detracting from the mmvention. For example, func-
tionality illustrated to be performed by separate processors
or controllers may be performed by the same processor or
controllers. Hence, references to specific functional units are
only to be seen as references to suitable means for providing
the described functionality rather than indicative of a strict
logical or physical structure or organization.

The invention can be implemented in any suitable form
including hardware, software, firmware or any combination
of these. The invention may optionally be implemented at
least partly as computer software running on one or more
data processors and/or digital signal processors. The ele-
ments and components of an embodiment of the invention
may be physically, functionally and logically implemented
in any suitable way. Indeed the functionality may be imple-
mented 1n a single unit, 1 a plurality of units or as part of
other functional units. As such, the invention may be imple-
mented 1n a single unit or may be physically and functionally
distributed between different units and processors.
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Although the present invention has been described in
connection with some embodiments, it 1s not intended to be
limited to the specific form set forth herein. Rather, the scope
ol the present invention 1s limited only by the accompanying
claims. Additionally, although a feature may appear to be
described 1n connection with particular embodiments, one
skilled 1n the art would recognize that various features of the
described embodiments may be combined 1n accordance
with the invention. In the claims, the term comprising does
not exclude the presence of other elements or steps.

Furthermore, although individually listed, a plurality of
means, elements or method steps may be implemented by
¢.g. a single unit or processor. Additionally, although 1ndi-
vidual features may be included in different claims, these
may possibly be advantageously combined, and the inclu-
s1on 1n different claims does not imply that a combination of
features 1s not feasible and/or advantageous. Also the inclu-
s1on of a feature 1n one category of claims does not imply a
limitation to this category but rather indicates that the
feature 1s equally applicable to other claim categories as
appropriate. Furthermore, the order of features 1n the claims
do not imply any specific order in which the features must
be worked and 1n particular the order of individual steps in
a method claim does not imply that the steps must be
performed 1n this order. Rather, the steps may be performed
in any suitable order. In addition, singular references do not
exclude a plurality. Thus references to “a”, “an™, “first”,
“second” etc do not preclude a plurality.

The mvention claimed is:

1. A method performed by a wireless network device, the
method comprising:

[dynamically] allocating, dvramically by the wireless
network device to a user equipment (UE) [in a cell], a
first timeslot to a downlink dedicated channel for a call,
wherein the first timeslot has a lowest available
timeslot number 1n a frame associated with a plurality
of pre-configured timeslot numbers;

monitoring, by the wireless network device, the call and
reallocating the call to a [different] second timeslot
substantially [midcall] during the call, wherein the
[different] second timeslot has a [highest] Zigh quality
rank [in the cell] during the frame;

allocating, [subsequently] by the wireless network device,
[another] a third timeslot for a downlink shared channel
[in the cell], wherein the [another] #4ird timeslot has a
highest available timeslot number; and

wherein allocation of timeslots to the downlink dedicated
channel are prioritized over allocation of timeslots to
the downlink shared channel.

[2. The method of claim 1, wherein the timeslot or the
different timeslot have a dynamically assigned maximum
numbet. ]

3. The method of claim 1 further comprising:

allocating, by the wireless network device, a predeter-
mined number of timeslots for the downlink dedicated
channel.

4. The method of claim 1, wherein the first timeslot or the
[different] second timeslot is currently used by another
[dedicated] downlink dedicated channel [by another UE].

5. The method of claim 1, wherein the reallocation 1s
performed based on a location of the UE in [the] a cell.

6. The method of claim 1, wherein the first timeslot or the
[different] second timeslot is allocated based on intercell
interference signals.

7. The method of claim 1, wherein the first timeslot or the
[different] secornd timeslot is allocated based on interference
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signal code power or signal to interference ratio associated
with the first timeslot or the [different] second timeslot.

8. The method of claim 1, wherein the [different] second
timeslot is added|, substantially midcall,] to the first timeslot
for the call while a power level for the call is held [sub-
stantially] constant.

9. The method of claim 1, wherein the [wireless network
is configured to provide] first timeslot, the second timeslot,

or the third timeslot are part of time division duplex (TDD)
communication.
10. A wireless network [characterized in that] device
COmMprising:
[the wireless network is] one or more processors config-
ured to allocate, dynamically to a user equipment (UE)
[in a cell], a first timeslot to a downlink dedicated
channel for a call, wherein the first timeslot has a
lowest available timeslot number 1n a frame associated
with a plurality of pre-configured timeslot numbers;
[the wireless network is] the one or more processors
further configured to monitor the call and configured to
reallocate the call to a [different] second timeslot
substantially [midcall] during the call, wherein the
[different] second timeslot has a [highest] #igh quality
rank [in the cell] during the frame;
the [wireless network is] one or more processors are
further configured to allocate], subsequently, another] a
third timeslot for a downlink shared channel [in the
cell], wherein the [another] #2ird timeslot has a highest
available timeslot number; and
wherein allocation of timeslots to the downlink dedicated

channel are prioritized over allocation of timeslots to
the downlink shared channel.

18

[11. The wireless network of claim 10, wherein the
timeslot or the different timeslot have a dynamically
assigned maximum number.]

12. The wireless network device of claim 10 further
[characterized in that] comprising: the [wireless network is]
one or movre processors are further configured to allocate a
predetermined number of timeslots for the downlink dedi-
cated channel.

13. The wireless network device of claim 10, wherein the

10 first timeslot or the [different] second timeslot is currently
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20 first timeslot or the [dif

25
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first timeslot or the [dif

used by another [dedicated] downlink dedicated channel [by
another UE].

14. The wireless network device of claim 10, wherein the
reallocation 1s performed based on a location of the UE in
[the] a cell.

15. The wireless network device of claim 10, wherein the
erent] second timeslot is allocated
based on intercell interference signals.

16. The wireless network device of claim 10, wherein the
erent] second timeslot is allocated
based on interference signal code power or signal to inter-
ference ratio associated with the first timeslot or the [dif-
ferent] second timeslot.

17. The wireless network device of claim 10, wherein the
[different] second timeslot is added|, substantially midcall,]
to the first timeslot for the call while a power level for the
call is held [substantially] constant.

18. The wireless network device of claim 10, wherein the
[wireless network is configured to provide] first timeslot, the
second timeslot, or the third timeslot are part of time
division duplex (TDD) communication.
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