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[0001] METHOD AND APPARATUS FOR PROVIDING FAST DETECTION
OF A HIGH SPEED SHARED CONTROL CHANNEL

10002] FIELD OF INVENTION

10003] The present invention is related to a wireless communications. More

particularly, the present invention is related to a method and apparatus for

providing fast detection of a high speed shared control channel (HS-SCCH).

[0004] BACKGROUND

10005] High speed downlink packet access (HSDPA) has been introduced in
Release 5 of the third generation partnership project (3GPP) standards. HSDPA
requires additional uplink and downlink control signaling to support hybrid
automatic repeat request (H-ARQ) and adaptive modulation and coding (AMC).
AMC is a form of link adaptation wherein the modulation type, either QPSK or 16-
QAM, and coding rate are chosen based on channel quality estimates reported by a
wireless transmit/receive unit (WTRU).

[0006] One of the problems experienced in the operation of AMC and H-ARQ
techniques is delay in the feedback loop. In order to resolve delay problems, the
downlink control signaling, which is carried on a HS-SCCH, 1s staggered in time
with respect to a high speed-downlink shared channel (HS-DSCH), which carries the
bulk of the data. Figure 1 shows a prior art timing relationship between the HS-
SCCH and the HS-DSCH. Both the HS-SCCH and the HS-DSCH include a three
time slot frame which is approximately two (2) milliseconds. One time slot is
overlapped between the HS-SCCH and the H5-DSCH.

10007] A HS-SCCH carries the following information: 1) channelization-code-
set information; 2) modulation scheme information; 3) transport-block size
information; 4) H-ARQ process information; 5) redundancy and constellation
version; 6) new data indicator; and 7) WTRU identity. The channelization-code-set
information and the modulation scheme information are time critical in configuring

a receiver for demodulating data received through the HS-DSCH. This information
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must be demodulated or buffered prior to complete reception of the data via the HS-
DSCH.

[0008] A cyeclic redundancy check (CRC) is employed for a high degree of
confidence in determining if the WTRU is scheduled for a HS-DSCH downlink.
However, since the CRC is calculated based on the entire two (2) millisecond HS-
SCCH sub-frame, the CRC cannot be used until the WTRU has received the entire
HS-SCCH sub-frame, while the WTRU has already begun receiving data through
the HS-DSCH.

[0009] The data received through the HS-DSCH may be simply buffered
during every HS-SCCH sub-frame until the CRC can be verified, and then may be
discarded in the event that the HS-SCCH is not directed to a particular WIRU.
However, this approach has two major disadvantages. First, the power consumed
for buffering the received data at chip rate for potential demodulation is significant.
The WTRU has to consume power during all sub-frames, even though no HS-DSCH
is scheduled for the WTRU. Second, there are strict timing requirements enforced
on the decoding of the HS-DSCH in the WTRU which requires fast generation of an
acknowledgment or negative-acknowledgement. The budget of time allotted for
decoding the HS-DSCH is eroded by the additional buffering delay needed to utilize
the HS-SCCH CRC in configuring a HS-DSCH demodulator.

[0010] Therefore, there is a need for a method and apparatus which provide

faster detection of the HS-SCCH before receipt of data via the HS-DSCH.

[0011] SUMMARY

[0012] The present invention is related to a method and apparatus for
providing fast detection of a HS-SCCH. The HS-SCCH carries information
necessary for receiving data via a HS-DSCH. The apparatus receives messages
transmitted via a plurality of HS-SCCHs. The apparatus measures a channel
quality, preferably a bit error rate and an accumulated soft metric, of messages
received via each HS-SCCH. The apparatus performs a threshold test by comparing
the channel quality with a predetermined threshold. The apparatus then selects one

9.



CA 02555781 2006-08-10
WO 2005/079221 PCT/US2005/002812

of the HS-SCCHs based on the measured channel quality for further processing.
When more than one soft metric exceeds the soft metric threshold and are close in
value, preference may be given to one of the soft metrics if it had been previously
used on the last received message. The apparatus may be a WTRU, a base station

or an integrated circuit (IC) therein.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS
[0014] A more detailed understanding of the invention may be had from the

following description of a preferred example, given by way of example and to be

understood in conjunction with the accompanying drawing wherein:

[0015] Figure 1 shows a prior art timing relationship between a HS-SCCH and
a HS-DSCH,;

[0016] Figure 2 is a block diagram of an apparatus for providing fast detection
of a HS-SCCH in accordance with the present invention;

[0017] Figure 3 is a block diagram of a decoder used in the apparatus of
Figure 2;

[0018] Figure 4 is an apparatus utilizing a structure of a Viterbi decoder in

estimating a bit error rate in accordance with a preferred embodiment of the present
invention; and
[0019] Figure 5 is a flow diagram of a process including method steps for

providing fast detection of a HS-SCCH in accordance with the present invention.

[0020] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] The present invention will be described with reference to the drawing
fisures wherein like numerals represent like elements throughout.

[0022] Hereafter, the terminology "WTRU" includes but is not limited to a
user equipment (UE), a mobile station, a fixed or mobile subscriber unit, a pager, or
any other type of device capable of operating in a wireless environment. When

referred to hereafter, the terminology "base station" includes, but 1s not limited to, a
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Node-B, a site controller, an access point or any other type of interfacing device 1n a
wireless environment.

[0023] The present invention is applicable to Time Division Duplex (TDD),
Frequency Division Duplex (FDD), and Time Division Synchronous Code Division
Multiple Access (TDSCDMA), as applied to a Universal Mobile Telecommunications
System (UMTS), CDMA 2000 and CDMA 1n general, but is envisaged to be
applicable to other wireless systems as well.

10024 ] The features of the present invention may be incorporated into an 1C or
be configured in a circuit comprising a multitude of interconnecting components.
[0025] Figure 2 is a block diagram of an apparatus 100 for providing fast
detection of a HS-SCCH in accordance with the present invention. The system
includes a plurality of HS-SCCH decoders 102, a threshold comparator 104, and a
selector 106. Four (4) HS-SCCH decoders are preferably used because a WIRU is
required to monitor up to four HS-SCCHs under the current 3GPP standard.
However, it should be understood that any number of HS-SCCH decoders may be
utilized instead of four, and hereinafter the present invention will be described, only
as an illustration and not as a limitation, with reference to four (4) HS-SCCH

decoders.

[0026] Each HS-SCCH decoder 102 receives messages at the first time slot of a
sub-frame of each HS-SCCH through a respective input 112. Each HS-SCCH
decoder 102 includes a Viterbi decoder 305 and a bit error rate (BER) calculation
unit 810, which will be described in detail with reference to Figure 3 below. Each
HS-SCCH decoder 102 generates a BER, and optionally, may further generate an
accumulated soft metric on the messages received at the first time slot of the HS-
SCCH sub-frame. It should be understood that a BER or an accumulated soft metric
are used just as an example of an indicator of a channel quality, and any other
parameter that can indicate the degree of correct receipt of a transmitted data

without error may be utilized instead of a BER or an accumulated soft metric.

[0027] Each HS-SCCH decoder 102 receives a designated WI'RU identity (ID)
which is stored in a memory 108 of the WTRU. Under the current 3GPP standard,

4.
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the first field of the sub-frame of a HS-SCCH is masked with a WIRU 1D to
generate a WT'RU-specific masking. The WIRU ID 1s used in detecting whether the
message is directed to a particular WTRU. Each HS-SCCH decoder 102 utilizes the
WTRU ID in decoding the message received at the first time slot of the HS-SCCH.
[0028] The threshold comparator 104 receives parameters including a BER
and/or an accumulated soft metric from each HS-SCCH decoder 102 and performs a
threshold test by comparing the parameters to a predetermined BER threshold
and/or a soft metric threshold, respectively, which are stored in a threshold memory
110. Each threshold is a configurable parameter depending on operator's preference.
The threshold comparator 104 then outputs an index indicating a HS-SCCH having
the lowest BER or accumulated soft metric among the HS-SCCHs having passed the
threshold test.

[0029] The threshold comparator 104 may output one of five possible values
including "NA" indicating that no HS-SCCH decoder has passed the threshold test.
The output of the threshold comparator 104 is based on whether one of the HS-
SCCH decoders 102 has a sufficiently low channel BER, or alternatively low
accumulated soft symbol metric, to have high confidence that the HS-SCCH 1s
addressed to the desired WTRU. The selector 106 receives decoder outputs from
each HS-SCCH decoder 102 and selects the decoder output having the lowest BER or
accumulated soft metric for further processing.

[0030] Figure 3 is a block diagram of the HS-SCCH decoder 102 used in
apparatus 100 in accordance with the present invention. The HS-SCCH decoder 102
comprises a Viterbi decoder 305 and a BER calculation unit 310. The Viterbi
decoder 305 is a soft decision decoder which detects originally transmitted bit
streams using a Viterbi algorithm. The Viterbi decoder 305 generates an output
sequence which is an estimate of transmit bit streams. The Viterbi decoder 305
calculates an accumulated soft metric in each step selecting a surviving path until
the last received bit is processed. At the completion of the decoding process, a final

sccumulated soft metric is determined along with a decoded bit stream. Kach
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[0031] The BER calculation unit 310 calculates a BER on the received signal.
The BER may be calculated by the BER calculation unit 310 using any conventional
method. For example, an additional convolutional encoder may be utilized. The
output decoded bit streams generated by one of the Viterbi decoders 305 is encoded
again and the encoded bit streams are compared with the received bit streams bit by
bit for generating bits error count. The received bit streams are stored in a buffer
before compared with the re-encoded bit streams. The BER 1s preferably calculated
using the structure of the Viterbi decoder 305.

[0032] Figure 4 is an apparatus 400 utilizing a structure of a Viterbi decoder
in estimating a bit error rate for providing fast detection of a HS-SCCH 1n
accordance with a preferred embodiment of the present invention. The apparatus
400 receives a signal 405 for processing and forwards the received signal 405 to a
modified Viterbi decoder 410, which outputs decoded bits 415 and an encoded bit
sequence estimate 420. A hard-decision unit 425 also receives the signal 405 and
outputs a signal 430 to a channel BER estimator 435 which compares the encoded
bit sequence estimate 420 with the output signal 430, and outputs a channel BER
estimate 440. A soft metric accumulator 445 also receives the encoded bit sequence
estimate 420 and, in turn, provides an output to a soft-decision unit 450 which
outputs accumulated soft metrics 455.

[0033] Alternatively, the threshold comparator 104 may utilize an
accumulated soft metric generated by the Viterbi decoder 305 in selecting one of the
HS-SCCH decoder output. An accumulated soft metric in the Trellis path is
calculated in decoding the received bit streams in each Viterbi decoder 305. A final
accumulated soft metric is calculated to determine the final surviving path at the
completion of decoding process. The accumulated soft metric is input to the
threshold comparator 104 to be compared to a soft metric threshold. The threshold
comparator 104 outputs an index indicating the HS-SCCH having the lowest

accumulated soft metric among those having passed the threshold test. Joint

-6-
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estimation by the Viterbi decoder 305 of the accumulated soft metrics and a BER
reduces the latency for HS-SCCH decoding.

[0034] Figure 5 is a flow diagram of a process 500 including method steps for
implementing fast detection of a HS-SCCH in accordance with the present
invention. In step 502, a WTRU receives downlink control messages at the first
time slot of each of four (4) HS-SCCHs that the WTRU is assigned to monitor. In
step 504, the received messages, which are 40 symbols under the current 3GPP
standard, are decoded by a HS-SCCH decoder. At the same time, the received bit
streams are stored in a memory, and a BER is calculated (step 506). Optionally, an
accumulated soft metric may be output by the decoder. In step 508, the BER and/or

accumulated soft metric is compared with a predetermined threshold, respectively.

If there is any HS-SCCH having passed the threshold test, the WTRU selects one
HS-SCCH having the lowest BER or accumulated soft metric (step 510).

[0035] In an alternate embodiment, when more than one soft metric exceeds
the threshold and are close in value, preference may be given to one of the soft

metrics if it had been previously used on the last received message. The WIRU then

receives downlink messages through a HS-DSCH indicated by the HS-SCCH.
[0036] With the fast detection algorithm of the present invention, the WIRU
may avoid unnecessary power consumption for buffering and processing the HS-
DSCH sub-frame. Additionally, the fast detection of a HS-SCCH allows less
stringent timing requirements on the decoding of the HS-DSCH.

10037] While this invention has been particularly shown and described with
reference to preferred embodiments, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing

from the scope of the invention described hereinabove.
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CLAIMS

What is claimed 1is:

1. A method for providing fast detection of a high speed shared control
channel (HS-SCCH), the method comprising:

(a) receiving messages transmitted via a plurality of HS-SCCHs;

(b) estimating a channel quality of the messages received via each HiS-
SCCH,;

(¢) comparing the channel quality of each message with a threshold; and

(d) selecting a HS-SCCH having the highest channel quality among the
HS-SCCHs.

2. The method of claim 1 wherein the channel quality estimation 1s

performed by calculating a bit error rate (BER).

3. The method of claim 1 further comprising the steps of:

(e)  decoding the messages which are encoded by convolutional encoding;

(f) generating an accumulated soft metric; and

(g) comparing the accumulated soft metric with a soft metric threshold;
and

(h) selecting a HS-SCCH having the lowest accumulated soft metric among
HS-SCCHs having an accumulated soft metric lower than the soft metric threshold.

4. The method of claim 3 wherein, when more than one soft metric
exceeds the soft metric threshold and are close in value, preference is given to one of

the soft metrics if it had been previously used on the last received message.

5. The method of claim 1 wherein the HS-SCCH transmits information
necessary to receive data via a high speed downlink shared channel (HS-DSCH), and
the HS-SCCH and the HS-DSCH are transmitted with a predetermined timing
offset each other.
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0. The method of claim 5 wherein the HS-SCCH and the HS-DSCH

comprises a three time slot frame and are transmitted with one time slot

overlapping each other, and the channel quality is estimated for the messages

received on the first time slot of the HS-SCCH.

1. A wireless transmit/receive unit (WTRU) for providing fast detection of
a high speed shared control channel (HS-SCCH), the WTRU comprising:

a plurality of receivers for receiving messages via a plurality of HS-SCCHs;

a channel quality estimator for estimating a channel quality for the messages
received via each HS-SCCH,;

a threshold comparator for comparing the channel quality estimate with a
threshold; and,

a selector for selecting a HS-SCCH having a highest channel quality estimate

among the HS-SCCHs.

8. The WTRU of claim 7 wherein the channel quality estimation 1s
performed by calculating a bit error rate (BER).

9. The WTRU of claim 7 wherein each receiver comprises a decoder for

decoding messages which are encoded by convolutional encoding.

10. The WTRU of claim 9 wherein the decoder generates an accumulated
soft metric, the threshold comparator compares the accumulated soft metric with a

soft metric threshold, and the selector selects a HS-SCCH having the lowest
accumulated soft metric among the HS-SCCHs.

11. The WTRU of claim 10 wherein, when more than one soft metric
exceeds the soft metric threshold and are close in value, preference is given to one of

the soft metrics if it had been previously used on the last received message.
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12. The WTRU of claim 7 wherein the HS-SCCH transmits information
necessary to receive data via a high speed downlink shared channel (HS-DSCH), and
the HS-SCCH and the HS-DSCH are transmitted with a predetermined timing
offset each other.

13. The WTRU of claim 12 wherein the HS-SCCH and the HS-DSCH
comprises a three time slot frame and are transmitted with one time slot

overlapping each other, and the channel quality is estimated for the messages

received on the first time slot of the HS-SCCH.

14. An integrated circuit (IC) for providing fast detection of a high speed
shared control channel (HS-SCCH), the IC comprising:

a plurality of receivers for receiving messages via a plurality of HS-SCCHs;

a channel quality estimator for estimating a channel quality for the messages
received via each HS-SCCH;

a threshold comparator for comparing the channel quality estimate with a
threshold; and,

a selector for selecting a HS-SCCH having a highest channel quality estimate

among the HS-SCCHs.

15. The IC of claim 14 wherein the channel quality estimation is performed

by calculating a bit error rate (BER).

16. The IC of claim 14 wherein each receiver comprises a decoder for

decoding messages which are encoded by convolutional encoding.

17. The IC of claim 14 wherein the decoder generates an accumulated soft

metric, the threshold comparator compares the accumulated soft metric with a soft
metric threshold, and the selector selects a HS-SCCH having the lowest
accumulated soft metric among the HS-SCCHs.

-10-
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18. The IC of claim 15 wherein, when more than one soft metric exceeds
the soft metric threshold and are close in value, preference is given to one of the soft

metrics if it had been previously used on the last received message.

19. The IC of claim 14 wherein the HS-SCCH transmits information
necessary to receive data via a high speed downlink shared channel (HIS-DSCH), and |
the HS-SCCH and the HS-DSCH are transmitted with a predetermined timing
offset each other.

20. The IC of claim 19 wherein the HS-SCCH and the HS-DSCH comprises

a three time slot frame and are transmitted with one time slot overlapping each

other, and the channel quality is estimated for the messages received on the first
time slot of the HS-SCCH.

211-
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