
(000I1DYNAMIC CHANNEL QUALITY MEASUREMENT PROCEDURE FOR ADAPTIVE MODULATION
AND CODING TECHNIQUES [0002]BACKGROUND [0003]The present invention relates
to wireless digital communication systems. More particularly, the present
invention relates to communication stations which employ code-division
multiple access (CDMA) technology. Specifically, the present invention
relates to determining radio conditions for use in optimizing radio
resource utilization as well as selecting data rates for user services.
[0004]In code-division multiple access (CDMA) third generation (3G)
cellular telecommunication systems, adaptive modulation and coding (AM&C)
techniques are applied to Lansmissions in order to achieve improved radio
resource utilization and provide increased data rates for user services
under appropriate conditions. These Aivi&C techniques take into account
radio conditions in advance of transmissions in order to determine
modulation and coding rates that take the greatest advantage of current
radio propagation conditions utilizing these techniques. [0005]Utilizing
these AM&C techniques, a procedure is required that  provides a physical
channel quality measurement from the receiver in advance of each
transmission. Based on this quality measurement, the transmitter determines
the appropriate modulation and coding rate for the particular transmission.
[0006]In CDMA systems, as with any wireless systems, radio conditions can
change rapidly due to a wide variety of both natural and man-made
conditions. Since the channel pia lity measurement is used to determine
transmission modulation and coding, and since channel quality changes
rapidly due to the changing conditions of the transmission path, the
performance of the adaptive transmission process is directly related to the
length of the time period between when the channel quality measurement is
performed and when the transmission is initiated. 



[0007]Physical or logical control channels are then used to transfer the
channel quality measurements from the receiver to the transmitter. Channel
quality signaling may utilize either dedicated control channels to each
user equipment (UE) or common control channels shared by all UEs. A UE may
be a cellular phone, FDA (personal data assistant) or any other type of
wireless device. When dedicated control channels are used, a continuous
signaling channel is available over time for propagation of channel qunlity
measurements for each UE. This is an optimal solution for A/vt&C since the
quality measurement is continuously available. Transmissions can occur at
any time, taking into account the continuously available quality
measurement for appropriate modulation and coding settings. Additionally,
with a dedicated control channel always available in the uplink, the
channel can be also used to support low rate uplink data transmissions.
[0008]The difficulty with the dedicated control channel approach is that
physical resources are continuously allocated even when there is no data to
transmit A primary application of AM&C techniques is non-real time high
data rate services, for example, Internet access. For these classes of
service, the best quality of set-vice (QoS) is achieved with short, high
rate transmissions with relatively long idle periods between each
transmission. These long idle periods result in an inefficient use of
dedicated resources. This limits the number of users which can access the
service, [0009]The problem can be minimized with pre-configured periodic
dedicated channel allocations. But this results in periodic availability of
quality measurements. If the quality measurements are not continuously
available, for LTEs which have transmissions at any one point in time, only
some portion of the UEs will have recent channel quality measurements, thus
the selection of UE to transmit to becomes sub optimal. [0010]Another
alternative is the use of common control channels. With common control
channels, a continuous signaling channel exists that is shared between all
UEs within the cell. Procedures are defined for determining each UEs access
to the common control channel. UE identities are used to distinguish TJE  



specific transactions. {001 I]The difficulty with the common control
approach for support of  AM&C is the large amount of signaling overhead
necessary to administrate each UE's access to the control channel. As
aforementioned, UE identities are required to distinguish UE specific
transactions. Additionally, to avoid contention-based access to the uplink
common control channel, individual allocations are required to be signaled
on the downlink common control channel for each UE's access. Since uplink
transmissions cannot always be predicted, periodic allocations of the
uplink control channel must be signaled on the downlink common control
channel, which results in considerable signaling overhead. Also, the common
control approach does not provide for low rate, uplink data transmissions.
[0012]In summary; the efficient performance of APII&C techniques is
primarily based on the availability of recent physical channel quality
measurements from the receiver in advance of each transmission. Optimally,
measurements are  available with minimal latency for all users with active
data. transmissions. The dedicated control channel solution provides
continuous measurements, but since transmissions are discontinuous, this is
an inefficient use of radio resources. Periodic configured dedicated
control channels minimize the radio resource requirement, but this
increases measurement latency. The common control channel method can
provide measurements on a continuous or periodic basis, but the signaling
overhead results in an inefficient use of radio resources. [0013.1There
exists a need for a system that provides channel vality measurements with
low latency and low signaling overhead. [0014]BRIEF DESCRIPTION OF THE
DRAWING(S) [0015]The objectives of the present invention will become
apparent upon consideration of the accompanying detailed description and
figures, in which:  



[0016]Figure 1 is a flow chart illustrating one preferred Dynamic Channel
Quality Measurement Procedure (DCQMP) of the present invention.
[0017]Figure 2 shows an alternative embodiment of the DCQMP of the present
invention shown in Figure 1.  [0018] DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) [0019] Presently preferred embodiments are described below
with reference to the drawing figures wherein like numerals represent like
elements throughout. [0020] Figure 1 is a flow diagram which illustrates
thy, dynamic channel quality (CQ) measurement procedure 60 of the present
invention which may be implemented by a wireless digital communication
system having a base station/node B (hereinafter base station 12) which
communicates with at least one LIE 30. Although it is intended for the
presently inventive method to support communications between a base station
and a plurality of UEs, for simplicity the following description will
detail the steps performed by a single OE, it being understood that other
UEs will operate in a similar manner. [0021]Blocks of downlink (DL) data
are transferred to the base station 12 which are designated for a
particular UE 30 (step SI). [0022]The base station 12, responsive to
receipt of downlink data and in  advance of a transmission to the LIE 30,
requests DL CQ measurements only from a UE 30 having pending downlink
transmissions (step 52). [0023]The LTE 30 receives the request and makes
the requested CQ measurement at step S3 and reports the DL CQ measurement
to the base station 12 at step S4. [0024]Based on the CQ measurement
reports received from. each UE (step 



S5), the base station 12 determines which of _thettlEs will make the best
use of radio resources, and determines which slots to use (step So).
Preferably, the UEs are prioritized by their CQ so that the LIE with the
highest CQ is sent its data first and then the UE with the second highest
CQ is sent its data second, and so on until the LIE with the lowest CQ is
sent its data last.  [00251Since the CQ measurement requests and the
responsive CQ measurement reports are only generated when needed, the
signaling overhead required for a common control channel is greatly
reduced. Measurement reports are available for all active transmitting
users, similar to the dedicated control channel case, but avoiding the
resource inefficiency during idle periods. (0026}The priority of
transmissions is determined according to the DL CQ measurements, and the DL
physical channel allocation is signaled to the appropriate TJEs, indicating
the particular coding rate, modulation type and allocated slots (step S7).
The designated UE receives the coding rate, modulation type and allocated
slots (step SS), and sets these parameters for reception (step 39).
[0027]Blocks of downlink data are then transmitted by the base station 12
to the designated ITE 30 (step 310) a given, but short, time after
performance of step S7 to enable the T.TE. 30 time to set up for reception.
The UE 30 receives the downlink data (step 31 1) at the specified coding
rate, modulation type and in the allocated slots specified at step S7,
[0028]The present invention thus provides the fundamental requirements for
AM&C operation while maintaining the most efficient use of radio resources.
Since DL CQ measurements are available with the minimum possible latency
for all transmissions, the choice of the best user(s) to provide service in
the next transmission time frame is optimized, Additionally, measurements
provided by periodic or continuous TriethRit iRMS do not provide increased
benefit, performance gain or enhancement over the present invention.
[0029]Implementation of the present invention also minimizes measurement
processing and the associated power consumption, especially important in
the UE, which is typically powered by a small power source of limited
capacity, (i.e. a chargeable battery). Since a quality measurement is only
requested for a particular active transmission, the number of required
measurements are minimized.  [0030]In accordance with an alternative
embodiment of the method 70 of 



the present invention shown in Figure 2, only certain quality measurements
may be required depending on the radio resources used for a particular
transmission. For  example, in the 3G standards, the CQ for only specific
physical titnesiots may be requested. Therefore, the number of measurements
performed is reduced by limiting the requirement of a CQ mreasurement to
only active transmissions and, depending on the scale of the transmission,
only requiring measurement on particular radio resources, (i.e., specific
time slots). This is shown in Figure 2, which is similar to Figure 1 except
for modified steps S2A and S3A, which replace step S2 and S3 respectively
of Figure 1. In step 2A, the base station 12 requests the 1.TE 30 to
perform a measurement only on a particular radio resource. In response, the
UF, perfohus the DL CQ measurement on the specified radio resource (step
S3A). [0031)The present invention provides many advantages over prior art
schemes. First, the invention provides the highest efficiency utilization
of the air interface since only those trEs having pending transmissions
will be required to respond to a request for DL CQ measurements. This
permits the overhead signaling to be at a minimum. [0032]Second, since the
transmissions are prioritized according to the highest quality DL CQ
measurements, the highest data rates permissible will be achieved for each
time slot or multiple time slots. [0033]Third, since UE,s are only required
to respond to the request for the DL CQ measurements, unnecessary
measurements by the UEs will not be required, thereby saving the battery
life of the UEs. [0034]A final advantage of the present invention is the
increased number of users that may be supported in a cell for both of the
methods disclosed herein. The number of users that are supported is limited
in the dedicated control channel method .by the requirement for dedicated
radio resources; and in the COMMOD control channel method by signaling
overhead requirements. By limiting the measurement signaling procedures to
active users, the present invention minimizes the common control siTviling
overhead and supports the greatest number of users the cell.  



{00351While the present invention has been described in terms of the
preferred embodiment, other variations which are within the scope of the
invention as outlined in the claims below will be apparent to those skilled
in the art.  CLAIMS What is claimed is:       1. A method of determining
overhead signaling and radio resource utilization, the method comprising:
determining a first subset of a plurality of user equipment mobile
terminals (UEs) that have pending downlink transmissions;       determining
a second subset of the plurality of UEs that do not have pending downlink
transmissions;       transmitting a request to each of the UEs in the first
subset to take a channel quality (CQ) measurement; and       receiving CO
measurement results from each of the UEs in the first subset in response to
the request to take a CO measurement.       2. The method of claim I
further comprising:     receiving downlink data associated with the pending
downlink transmissions; signaling an allocation of radio resources in
response to the CO measurement results, to each of the UE-s in the first
subset; and       transmitting the downlink data to the UEs in the first
subset in accordance with the allocation of radio resources. 



3. The method of claim 2 wherein different allocations of radio resources
are signaled to different ones of the UEs in the first subset.        4.
The method of claim 2 wherein the request to take a CO measurement is
transmitted to each of the UEs in the first subset in response to receiving
the downlink data.        5. The method of claim 2 wherein the allocation
of radio resources includes at least one of a coding rate, and a modulation
type.         6. The method of claim 2 further comprising:
determining which of the UEs in the first subset will make the best use of
radio resources. 7. The method of claim 2 further comprising:
determining specific time slots that the UEs in the first subset should use
to receive the downlink data.        8. The method of claim 2 wherein the
UEs in the first subset perform CO measurements until all of the received
downlink data has been sent to the UEs in the first subset.        9. The
method of claim I wherein each request to take a CO measurement is
transmitted over a common control channel or a dedicated control channel.
10. The method of claim 1 wherein each request to take a CO measurement
indicates at least one particular radio resource upon which a UE that
receives the request is to perform the CQ measurements, 



11. A method of determining overhead signaling and radio resource
utilization, the method comprising: receiving downlink data; transmitting a
request to take a channel quality (00) measurement; receiving a CO
measurement results in response to the request;       signaling an
allocation of radio resources in response to the received CO measurement
results; and       transmitting the received downlink data in accordance
with the allocation of radio resources.         12. The method of claim 11
wherein the allocation of radio resources includes at least one of a coding
rate, and a modulation type.        13, The method of claim 11 wherein each
request to take a CQ measurement is transmitted over a common control
channel or a dedicated control channel.       14. The method of claim 11
wherein the request to take a CO measurement indicates at least one
particular radio resource upon which the CO measurement is to be performed.
15. A base station comprising: 



a receiver configured to receive downlink data;        a transmitter
configured to transmit a request to take a Channel Quality (CQ)
measurement;       the receiver being further configured to receive CQ
measurement results in -response to the request; and       the transmitter
being further configured to signal an allocation of radio resources in
response to the CO measurement results. and to transmit the received
downlink data in accordance with the allocation of radio resources.
16. The base station of claim 15 wherein the allocation of radio resources
includes at least one of a coding rate, and a modulation type.         17.
The base station of claim 15 wherein each request to take a CO measurements
is transmitted over a common control channel or a dedicated control
channel. 18The base station of claim 15 wherein the request to take a CO
measurement indicates at least one particular radio resource upon which the
CO measurement is to be performed. 19.A method of determining overhead
signaling and radio resource utilization, the method comprising: receiving
a request to provide a channel quality (CO) measurement report;  



transmitting a CO measurement report in response to the request;
receiving an allocation of radio resources that is based on the transmitted
CO measurement report; and receiving downlink data in accordance with the
allocation of radio resources.       20. The method of claim 19 wherein the
allocation of radio resources includes at least one of a coding rate and a
modulation type.        21. The method of claim 19 wherein the request to
provide a CO measurement report is received over a common control channel
or a dedicated control channel,        22. The method of claim 19 wherein
the request to provide a CO measurement report indicates at least one
particular radio resource upon which the CQ measurement is to be based.
23. A user equipment mobile terminal (UE) comprising:        a receiver
configured to receive a request to provide a channel quality (00)
measurement report;        a transmitter configured to transmit a CO
measurement report in response to the request; and       the receiver
further configured to receive an allocation of radio resources that is
based on the transmitted CO measurement report, and to receive downiink
data in accordance with the allocation of radio resources.         24. The
UE. of claim 23 wherein the allocation of radio resources includes at least
one of a coding rate, and a modulation type, 25,The UE of claim 23 wherein
each request to provide a CO measurement 



report is transmitted over a common control channel or a dedicated control
channel.  26,The UE of claim 23 wherein the request to provide a CQ
measurement report indicates at least one radio resource upon which the CQ
measurement report is to be based, 


