[0001) DYNAMIC 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
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- [0003] Utilizing these AM&C techniques, a procedure is reguired that
provides a physical channel quality measurement from the receiver in advence of
each transmission. Based on this quality mcasurement, the transmitter determines
the appropriate modulation and coding rate for the particular trmsmission;

[0006] In CDMA systems, as with any wireless systemos, radio conditions
can change rapidly dus to a wide variety of both natural and man-made conditions.
Since the channel quality measurement is used to determine ransmission
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 transroission is
initiated.



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
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ratc services, for example, Internet access. For these classes of service, the best
quality of service (QoS) is achieved with short, high rate transmissions with

relatively long idle periods between each transmission. These long idle periods

result in an incfficient wse of dedicated resources. This limits the number of users
which can access the service.

100097 The problem can be minimized with pre-configured periodic
dedicated chanpel allocations. But this results in peniodic availability of guality
measurements. If the quality measurements are not contmuonsly available, for URs
which have tansmissions at any one point in time, only seme portion of the UEs
will have recent channel quality measurements, thus the selection of UE to transmit
to becomes sub optimal,

10010] Another alternative is the use of common control channels, With
common contro! 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 coptrol channel. UE identities are used 1o distinguish UE
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measurements. If the quality measurements are not continuously

available, for UEs 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
citblachammaetma. continuous signaling channel exists that is shared

b n all ithin the cell. Rrocedures are defined for determining
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a&)qggpous measurements, but since transmissions are tlisc
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dedicated control channel solution provides continuous measursments, but since
trapsmissions are discontinuous, this is an inefficient use of radio resources.
Periodic configured dedicated control chanmels minimize fhe radio resousce
requirement, but this increases measirement latency. The common control ¢hanne!
method can provide measurements on z continuous or periodic basis, but the
signaling overhead results in an inefficient use of radio resources.

[0013] There exists 2 need for a system that provides channs| grality

measurements with low latency and low signaling overhead.

{00143} BRIEF DESCRIPTION OF THE DRAWING(S)
f0015] The objectives of the present invention will become apparent upon

consideration of the accompanying detailed description and figures, in which:



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] There exists a need for a system
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Whighnt 310046k Eigure ,fhi@i%ﬂgvy_ chart illustrating one preferred Dynamic
Channel Quality Measurement Procedure (DCQMP) of the present

invention. [0017] Figure 2 shows an alternative embodiment of the
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[0021] Blocks of downlink (DL} data are transferred to the base station 12
which are designated for a particular UE 30 (step S1).

[0022] The base station 12, responsive to receipt of downlink data and in

advance of a transmission to the UE 30, requests DL CQ measurements ondy from a
UE 30 having pending downlink transmissions (siep S2).

fo023] The UE 30 receives the request and makes the requested CQ
measurement at step 83 and reports the DL CQ measurement 1o the base station 12
at step S4.

f0024] Based on the CQ measurement reports received from each UE {step
S5}, the base station 12 determines which of theglJEs will make the best use of
radio resources, and determines which siots 'to_ aéc"{'s.ﬁép S6). Preferably, the ULs
are prioritized by their CQ so that the UE with tﬁe highest CQ is sent its data first
and then the UE with the second highest CQ is sent its data second, and so on unti!
the UE with the lowest CQ is sent its data last,



which are designated for a particular UE 30 (step S 1), [0022] The base
station 12, responsive to receipt of downlink data and in advance of a
transmission to the UE 30, requests D.l. CQ measurements only from a
LIE 30 having pending downlink transmissions (step S2). [0023] The UE
30 receives the request and makes the requested CQ measurement at
§08p33 andSapertsithed) COMEEROIENRTHIBhaBadhesEBRSBY °
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[0028] The present invention thus provides the fundamental requirernents for
AM&C operation while maintaining the most efficient use of radio resources.
Since DL CQ measurements are availabie 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 contimious mechanisms do not provide increased benefit, performance
gain or ephancement over the present invention.

{00291 Implementation of the present invention also minimizes measurcment
processing and the associated power consumption, especially important in the UE,
which is typically powered by a small power source of iimited capacity, (ie. 2
chargeable battery). Since a quality mezsurement is only reguested for a particular
active transmission, the number of required measurements are minimized.

[0030] In accordance with an altemative 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
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S7 to enable the liE 30 time to set up for reception. The CE 30 receives
the downlink data (step S11) 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 radjo fesources.
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[8%3 In accordance with an alternative embhodimeni-of, the. method 70 of
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Figure 2. which is similar to Figure 1 except for modified steps S2A and
§%ﬂ?\;ﬁ‘ﬁéﬂ é;gﬁfégce sJép 2 and S3 respectively of Figure 1. In step 2A,
tfie0Bake statfpedd reiumstdithdransmissions are prioritized according to the

nighest quality DL CQ measurements, the highest data rates permussible will be

achieved for each time slot or muitiple time slots.

[0033] Third, since UEs are only required to respond to the request for the
DL CQ measurements, unnecessary measﬁrements 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 requircmeht for dedicated radio resources; and in the common
control chamnel method by signaling overhead requirements. By limiting the
measurement signaling procedures to active users, the present invention minimizes

the common control signaling overhead and supports the greatest number of users

in the cell.



UE 30 to perform a measurement only on a particular radio resource. In
response, the UE performs 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
::r%ﬁf;t eff|C|enc utlllzatlon of the air interface since only those UEs

pendifg HarkmRSHRS N Bkireqhee desordspoittdoia requestfohe
rptcﬁ@emeammﬂ&g ShENiGReARHIS G i
m|n| %)%’3;,22 S(-?cond since the transgn\ﬁi{%%%%?g@%lzeg% %‘%m on
52351 ﬁ‘ﬁé’r‘t { bsia Wé@&?@?ﬁéhﬁ%h@ thighest data

rates perm|SS|bIe will be achieved for each time slot or multiple time slots.
[0033] Third, since UEs 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 common control channel method by signaling overhead requirements.
By limiting the measurement signaling procedures to active users, the
present invention minimizes the common control signaling overhead and
supports the greatest number of users in the cell. E [0035] While 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.



**m -7 CLAIMS What is claimed is: I. A method of minimizing overhead
signaling and optimizing 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 begin cr@;g | guality (CQ) measurements,
whereby a request to begin CQ 'ﬁ\r@nents is not sent to any of the
WRIES iidire:decond subset; and receiving CQ measurement results from
each of the UEs in the first subset in response to the request to begin CQ
measurements. 2. The method of claim | further comprising: receiving
dowilink datanagseiidiedchimihitize pehdadgigoainlinknttansmissigmadio resource
utiﬁiz(;drg%liilpglan atlﬂ%%%tg)on plgir dio resources, determined based on the CQ

measurer’?]g}](ﬂt resultgpto edch of the UEs in the first subset; and

transiefigting the dbwintified adaato el DEY isehedirgrsumb sertiHcdleeoitaln dEEs)
thait dheRiocation i adipiesqurces. 3. The method of claim 2 wherein

different allocations of radio resources are signaled to different ones of
the \JESTRItHRS itstesapdetubierRé WetigErbTanl bie Breéidmacs bavg pending
doWhBheindhenredygst to begin CQ measurements is transmitted to each of

the UEs in the first subset in response to receiving the downlink data.
transmitting a request to each of the UEs in the first subset to begin channel

quality (CQ) measurements, whereby a request to begin CQ measurements is not sent to
any of the Uks in the second subset; and
receiving CQ measurement results from each of the UEs in the first subset in

response to the request to begin CQ measurements.

2. The method of claim 1 further comprising:

receiving downlink data associated with the pending downlink transmissions;

signaling an allocation of radio resources, determined based on the CQ
measurement results, to each of the UEs 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 any one of claims 2 or 3 wherein the request to begin CQ
measurements is transmitted to each of the UEs in the first subset in response to receiving

the downiink datia.



_g_ 5. The method of any one of claims 2 to 4 wherein the allocation of
radio resources includes at least one of a particular coding rate, a
modulation type and an allocated time slot. 6. The method of any one of
claims 2 to 5 further comprising: determining which of the UEs in the first
subset will make the best use of radio resources. 7. The method of any
one of claims 2 to 6 further comprising: determining specific time slots that
the UEs in the first subset should use to receive the downlink data. 8. The
method of Breyrogibasf efimsmeor? wrisreih the Wbsrntiiefiibpeifissest radio

resRRLQM GRMeasugstsrunti i afdhedeceivad downlink.datad)as and an

been sent to the UEs in the first subset. 9. The method of any one of
allogpph§mas!8twherein each request to begin CQ measurements is

transmitted over a common control channel or a dedicated control

channel. 10. The method of any one of claims 2 to 9 wherein each request

to bgin CEMSHREARMRINS RATERE S Eaf U H SIS fadio
resQidicenipian which o Uik thad ireceivisttheteguestisite perfesmuiherCRdio
measurements. 11. A method of minimizing overhead signaling and

reSYPtifizing radio resource utilization, the method comprising: receiving
downlink data, the downlink data intended for a mobile terminal;

wansmitting,a reguiest o, e mobil ferminalda begin chiapnel.quality (CQ)
measurements, -3 receiving (fmeasuremen results in response to the
requiestrmining specific time slots that the UEs in the first subset should use to

receive the downlink data.

8. The method of any one of claims 2 to 7 wherein the UEs in the first subset
perform CQ measurements until all of the recetved downlink data has been sent to the

UEs in the first subset.

9. The method of any one of claims 2 to 8 wherein each request to begin CQ
measurements is transmitied over a common control channel or a dedicated control

channel,

16, The method of any one of claims 2 to 9 wherein each request to begin CQ
measurements indicates at least one particuiar radio resource upon which a UE that

receives the reguest is to perform the CQ measurements.

11. A method of minimizing overhead signaling and optimizing radio resource
utilization, the method comprising:

receiving downlink data, the downlink data intended for a mobile terminal;

transmitting a request to the mobile terminal to begin channel quality (CQ)}

measurements;



signaling an allocation of radio resources, the allocation of resources
being based on the received CQ measurement results; and transmitting
the received downlink data to the mobile terminal 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 particular coding
rate, a modulation type and an allocated time slot. 13. The method of
claim 11 or 12 wherein each request to begin CQ measurements is
transmitted G¥e meconmen sohtioitciiapericopdhdasitgtéd control

chag I%_hill% L8 seeihed of.any 00 EClams b A0k IWRESBIB Being based

requ st to begin CQ measurements indicates at least one particular radio
on M?@@%W%%@%%Qrements are to be performed. 15. A

basg SaHAREQAMILESIIE PIHRGSIMR GRNIONEH 50ile 8 tiendoN RUBk: &aigs with
the downlink data intended for a plurality of mobile terminals; a

the ghpratiniet cadifgiGratr t6Stransmit a request to the plurality of mobile
terminals to begin channel quallty (CQ) measurements; the receiver

being further configured to.re easurement r. Sy Its from the.
plurla%lty of%%ﬁ?ﬁ% %‘ilrﬂ?r? 3% e% 8"}‘%29 to?%c‘ﬁf}eg A8 TRt Mitages

at |asingiurthereonfigusediig s;gnalmﬂallmmtt@paﬁmamrmmeme the.
allocation of resources being based on the CQ measurement results, and
to transmit the received downlink data to the plurality of mobile terminals
in a¢Bordaffibe withhtite cﬁllobatioﬁ lofaradid rebewivesacl Ord@ieTheocbdsein CQ

meStation.of claim, 1o wher d%% allocation.o (ﬁgﬂ resaprges inalides abntrol

gast one of a particu ar coding rate, a mo tion type and an allocated
chatiere.

14, The method of any one of claims 11 to 13 wherein the request to begin CQ
measurements indicates at least one particular radio resource upon which the CQ
measurements are to be performed.

15. A base station comprising:

a receiver configured to receive downlink data, the downlink data intended for a
plurality of mobile terminals;

a transmitter configured to transmit a request to the plurality of mobile terminals
10 begin channel quality (CQ) measurements;

the receiver being further configured to receive CQ measurement resuits from the
plurality of mobile terminals in response to the request; and

the transmitter being further configured to signal an allocation of radic resources,
the allocation of resources being based on the CQ measurement results, and to transmit
the received downlink data to the plurality of mobile terminals in accordance with the

aliocation of radio resources.
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slot. 17. The base station of claim 15 or 16 wherein each request to begin
CQ measurements is transmitted over a common control channel or a
dedicated control channel. 18. The base station of any one of claims 15
to 17 wherein the request to begin CQ measurements indicates at least
one particular radio resource upon which the CQ measurements are to be
performed. 19. A method of minimizing overhead signaling and optimizing
radio resource utilization, the method comprising: receiving a request to

begintthanhBf QEaHLHEEL) theddntemeriSirieds ot 1 8h Oh Ladig dfigrrees

ind[@NSNting: GR FEASHFRBRLIARISI0, 'lesRAnsE e thedeauestallocated time
receiving an allocation of radio resources, the allocation of radio resources

SIO61—:'ing based on the transmitted CQ measurement results; and receiving
downlink datgeinaecatdiancer withirthesaliecatiovhefiadiactesaprseso2kgin CQ
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chiimel slot. 21. The method of claim 19 or 20 wherein the request to begin
CQ measurements is transmitted over a common control channel or a
dedicated control channel. -11 22. The method of any one of claims 19 to
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erformed. 23. The method of any one of claims 19 to 22, wherein the
CQsywstatiogis made bomarerpgsis of pending data transmission and an
identity.

19. A method of minimizing overhead signaling and optimizing radio resource
utitization, the method comprising:

receiving a request to begin channel quality (CQ) measurements in response to an
association;

transmitting CQ measurement results in response to the request;

receiving an allocation of radio resources, the allocation of radio resources being
based on the transmitted CQ measurement results; 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 particular coding rate, a modulation type and an allocated time slot.
21. The method of claim 19 or 20 wherein the request to begin CQ

measurements is tfransmitted over a common control channel or a dedicated control

channel.
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24. A user equipment mobile terminal (UB) comprising: a receiver
configured to receive a request to begin channel quality (CQ)
measurements in response to an association made; a transmitter
configured to transmit CQ measurement results in response to the
request; and the receiver being further configured to receive an allocation
of radio resources, the allocation of radio resources being based on the
CQ measurement results, and to receive downlink data in accordance
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rate, a modulation type and an allocated time slot. 26. The UE of claim 24

mepTUIPENGHE e A8 MFEQUBRS to begin CQ measurements is transmitted
over a common control channel or a dedicated control channel. 27. The
UE of any one of claims 24 to 26 wherein the request to begin CQ
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on the af PreasdienIenisaiaindhepadarmesi?d. The UE of any one of
claims 24 to 27, wherein the association is made on the basis of pending
data transmission and a UE identity. -12

24, A user equipment mobile terminal (UE) comprising:

a receiver configured to receive a request to begin chamnel quality (CQ)
measurements in response to an association made;

a transmitter configured to transmit CQ measurement results in response to the
request; and

the receiver being further configured to receive an allocation of radio resources,
the allocation of radio resources being based on the CQ measurement results, and to

receive downlink data in accordance with the allocation of radio resources.

25. The UE of claim 24 wherein the allocation of radio resources includes at

least one of a particular coding rate, a modulation type and an allocated time slot.

26. The UE of claim 24 or 25 wherein each request to begin CQ
measurements is transmitted over a common control channel or a dedicated control

channel.

27.  The UE of any one of claims 24 to 26 wherein the request to begin CQ
measurements indicates at least one particular radio resource upon which the CQ

measurements are to be performed.

28. The UE of any one of claims 24 1o 27, wherein the association is made on

the basis of pending data transmission and a UE identity.
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