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(57) Abrege/Abstract:
In recelving a radio block comprising a plurality of bursts, burst data I1s saved prior to demodulating each burst using an
Independent preliminary modulation technique decision. When a global modulation technigue decision over the radio burst Is
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(57) Abrege(suite)/Abstract(continued):
formulated, If the preliminary modulation technigue decision for one or more bursts disagrees, data associated with that burst may

be retrieved and demodulated using the global modulation technigue decision, iIn one embodiment, the mismatching burst Is
erased and decoding over the block Is attempted, with the second demodulation being performed only If a decoding metric
Indicates decode errors, In another embodiment, each mismatching block Is re-demodulated as soon as a global modulation
technique decision Is formulated and a mismatch to the preliminary modulation technigue decision Is detected. |n both

embodiments, an increase In the number of soft bits Improves decoder performance,
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IMPROVED BLIND MODULATION DETECTION

The present invention relates generally to wireless communication

receivers, and in particular to improved blind modulation detection receivers.

BACKGROUND

Wireless communication network protocols and standards continuously
evolve to support ever-higher data rates. A known technigue for increasing dats
rates 8 HNK adaptation, aiso known in the arl as agaphve moduiation and
coding. in ink adaptation, various signat and protocol parameters — such as the
modulation technigue, selection of forward error correcting {(FEC) codes, and
the like — are dynamicaliy varied {0 maich changing congitions of the radio iink.
Conditions of the radio link giving nise to knk adaptation include path loss,
interference from other signais, recetver sensiivity, availlable transmitier power
margin, and the like. As an example of adaptive modulation fechnique, in the
GSM system, packetl switched channeils may be moduiated using GMSK,
QPSK, 8PSK, 186QAM, or 3ZQAM.

GRS, EGPRS, and EGPRSZ systems fransmit 8 radio bilock in the
downiink comprising four bursts, where each burst is one 576 u-sec TDMA time
siot. All bursts in the radio block are modulated using the same modulation
technigue. However, a ink adaptation function m a base station transmitier may
modulate different radio blocks within @ temporary block flow (1BF} using
different modulation techniques, depending on then-current channel conditions.
The transmitter does not include an indication of the modulation technique In
the downiink signal. Accordingly, it is unknown at the receiver.

The downlink signal does include a known fraining seguence in each
hurst. Blind modulation decision receivers demodulate the known training
sequence using each allowed modulation technique. They then compare
demodulation quality metnics {0 determine the most hkely modulation technique,
and independently demodulate each burst using that technique. After all bursis

in a block are demoduiated, the data are assembied and decoded.
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While all of the bursts in a radio block are modulated using the same
modulation technigue, the receiver's modulation technique decisions for all
bursts in a block do not necessarly agree. In conventional receivers, when a
purst is demodulated using a moduiation fechnique decision that does not
match the modulation technique decision used for the other bursis in the block,
the odd burst 18 erased by selting all the soft bits cutput by the demodulator to
zero ~ effectively assigning each bit an equal probabiiity of beinga 0 or 1 — and
adiusting the number of bils in the burst according to the final decision of
modulation technique for ali the bursts in a radio block.

When one or more bursts in a block are erased due to an incorract
modulation technique decision, the probabiiity of correctly decoding data
decreases. In particular, the uplink state flag (USF} may be decoded
incorrectly. The USH s the mechanism by which the network informs a mobile
station which time slot {0 use for uplink {ransmission. if the mobile erroneously
decodes the USH for another mobile as its own, it will fransmit at the same time
not be apie 10 decode sither uphnk transmission. if the mobile fails to decode a
USF intended for i, it will fail {o transmit data when the base sistion is
expecting i1, wasting air interface resources and reducing the uplink data

gdecoding error.

SUMMARY

According to embodiments disclosed and claimed herein, in receiving a
demodulating each burst using an independent preliminary modulation
technique decision. When a global modulation technique decision over all the
radio bursts in the radio block is formulated, if the preliminary modulation
technigue decision for one or more bursis disagrees, data associated with that
burst may be retrnieved and demodulated using the giobhal modulation technique
decision. In one embodiment, the mismatching bursi(s) is{are) erased and

decoding over the block is attempled, with the second demodulation only if a
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decoding melric indicates decode errors. In ancther embodiment, each
mismatching block is re-demodulated as soon as a global modulation technique
decision s formulated and a mismatch (o the prelimmary modulation technique
decision is detecled. In both embodiments, an increase in the number of ussiul
sOft bhits improves decoder performance.

One embodiment relates to a method of blind modulation detection for
demoduiating and decoding a plurahty of data bursts, each burst in the pluraiity
modulated with the same modulation technigque selected from a set of known
modulation fechniques. For each burst in the plurality, the burst data i1s saved to
mMemory; a prefiminary decision as {0 modulation technigus 1s formulated; and
the burst dala are demoduiated using the preliminary moduiation decision. A
giobal decision as to modulation technique s formuiated over all bursts in the
piuraiity. For each burst for which the preliminary decision differs from the
giobal decision, the burst data are retnieved from memory and demoduiated
using the giobal modulation decision. The demodulated bursis are assembied,

and the data is decoded.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 18 a funchional block diagram of a wireless communication
network.

Figure 2 18 a flow diagram of a methoed of blind moduiation detection
according o one embodiment of the present invention.

Figure 3 is a flow diagram of a method of blind modulalion detection

according to another embodiment of the present invention.

DETAILED DESCRIPTION

Figure 1 depicts a representative wireless communication network 10.
Although the network 10 is described in terms of the Giobal System for Maobile
communications (GSM), nodes with corresponding functionality exist in every
wirgiess communication network 10, and the present mvention is not limited {o

nodes not depicted for clarity, the core network 12 may include one or more
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General Packet Radic Service (GPRS) nodes 14, communicatively coupled 1o
a packet network, such as the Intemet 16. The core network 12 may also
nciude one or more Mobie Switching Centers (MSC) 18, communicatively
coupied 1o a circuit-swilched network such as the Pubilic Land Mobile Network
{(PLMN) and/or Public Switched Telephone Network (PSTN} 20. The GPRS 14
and MSC 18 are connected to a Radio Network Controller (RNC) 22 (also
Known as a Base Siation Controller). The RNC 22 controils a plurality of Node B
24 (also known as Radio Base Siations, RBS, or Base Transceiver Stations,
equipmeant necessary {0 establish two-way, wireless communication with one or
more User bEquipment {(Uk} 26 {(alsc known as a mcobile station, mobile
terminal, cell phone, and the like). The structure and operation of wireless
communication networks 10, operating under a variety of prolocois, are well
known in the ard.

The GPRS 14 - and extensions such as EGPRS and EGPRS2 -

transmits data in a radio block comprising four bursts, where each burst is one
576 u~sec TDMA fime siot, All four bursis in the block are moduiated using the
same modulation technigue {e.g., one of GMSK, QPSK, 8PSK, 16QAM, or
3Z2QAM}. However, a link adapiation algorithm in the core network 12 may
dynamically select a different modulation {echnique for each radio block, in
response 1o changing channel condiions. The receiver 26 18 not expicitly
informed of the modulation technigue selected, and must perform biind
modulation detection.

in prior art blind modulation deteclion methods, the receiver
independently formulates a preliminary moduiation technique decision for each
burst, and uses that decision {0 demoduiate the burst. When a giobal
modulation technique decision s made for all four bursts, any burst that was
demodudated using a wrong preliminary modulation decision {that is, one that
does not match the giobal decision) is erased, and thus does not contribute 1o
the decoding process. The erasure has been justified as necessary due to real-

time {atency regquirements and limited processing power.
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According to embodiments of the present invention, the original data for
ait four bursts are saved in case it is necessary {o re-demodulate one or more
bursts, f a preliminary modulation {echnigue decision fwms out {0 be
grronecus. Two embodiments are presented.

Figure 2 depicts a method 100 of biind demoduiation according {0 a first
embodiment presented herein. The first embodiment utilizes, and builds upon,
the prior ant process of burst erasure and decoding. Initially, the first burst in a
radio block is selecled for processing {step 102). The burst data are saved {o
memaory {step 104). A preliminary modulation technique decision is formuiated
{sfep 106), such as by demoquiating a known training seguence using all
altowed modulation techniques, and comparnng quality meitrics output by the
demoduiators. The burst is demodulated using the prelminary decision (step
108). This process is repeatied for all four biocks in a radio burst {steps 110,
112).

After all the bursts are demodulated using independent, preliminary
formuiated over the radio block (step 114). The bursts are then considered in
turmn {step 116) {(although those of skill in the art will recognize that two or more
of the bursts could alternalively be considered in parailel). if a8 biock was
demoduiated using a preliminary moduiation technique decision that does not
maich the global modulation fechnique decision {step 118}, # is erased by
setling the soff bitgs ocutpul by the demodulator to zero (step 120). if the
modulation technigue decisions match {step 118), no erasure 15 performed.
This comparison and possible erasure is performed over all bursis in the block

The demodulated burst data are then assembied and decoded (sigp
126). As part of the decoding process, a decoding metric, such as a CRC
check, indicates whether errors were encounterad in the decoding process. Iif
the decoding metnc does not indicate any error {biock 128}, the method
terminates (step 140). Note that in this case, the method devolves into the prior

art blind modulation detection technique of burst erasure in the event of a
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stored the data for all bursts, at step 204). However, if the decoding metric
indicates an error, and at least one burst was erased (step 128), then according
to the first embodiment of the inventive method 100, the stored data associated
with the first erased burst (block 128} are retrieved from memory {step 130},
and the burst 18 demodulated using the global modulation technique degision
{step 132). This i8 repeated for all erased bursts (blocks 134, 136). The gala
from ali bursts are agsain assembied and decoded {step 138). By demodulating
the erased bursis using the global modulation technique decision, more soft
bits are present to greally increase the probabiity of a correct decoding
operation. 1he method then terminates (step 1440).

Bind modulation detection according to the Hirst embodiment has the
advantage that, if the bilock can be successfully decoded using the erased
burst{s), no addiional latency s mtroduced by performing & second
demoduiation using the giocbal modulation technique degsion, or a second
decoding operation. However, # the pror art {echnique produced decode
errors, this embodiment requires two demodulation operations for the erased
pursts, and two radio block decoding operations.

Figure 3 depicts a method 200 of blind demodulation according o a
second embodiment of the present ivention. As with the first embodiment, the
first burst in a radio block is initially selected for processing {step 204}, and the
burst data are saved to memory {step 204). A preliminary modulation technique
decision is formulated (step 208), and the burst s demodulated using the
prajiminary decision {step 208). This process is repeated for all four blocks in a

radio burst (steps 210, 212).

a block was demodulated using a preliminary moduiation technigue decision
that maiches the giobal moduiation technique decision (step 218), then the next
biock s selected {(steps 224, 2263, and is modulation decisions compared
(block 218). lf a block was demodulated using a preliminary modulation

technique decision that does not match the global modualation techrigue
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retrieved from memory (step 220), and the burst is demodulated using the
giohal modulation technigue dedcision {(step 222). After all bursts are processed
(steps 224, 226}, the data from all bursts are assembied and decoded (step
228). The method then terminates {step 230).

in the second embodiment, no erasure and attempt to decode is
performed. Rather, two demodulation operations are always performed in the
event of a modulation decision mismatch. As compared to the first
embodiment, the second embodiment forgoes the possibiity of a successful
decode without additional demaodulation {by erasure and decoding), but aiso
reduces the amount of additional processing it additional demoduiation 15
necessary, by shiminating one of the two decode operations. in practice, the
second embodiment may vield better performance when processing data that
were encoded using a high code rate.

in both embodiments, the data for bursts with an incorrect preiiminary
modulation technique detection is demodulated using the preliminary
modulation {echnique detection rather than being erased. The decoder thus
has more useful information in the decoding process, and the probability of
successful decoding is increased. As a result, both the USFE decoding and the
pavioad data decoding performance are improved. Subsequently, the dala
throughput in both dowalink and uplink 8 improved. This proposed method for
improvement of decoding s general and thus can be used with any existing
ARQ algonthms such as incremental Redundancy (IR} decoding.

The present invention may, of course, be carred out In cther ways than
those specifically set forth herein without departing from essential
characteristics of the mvention. 1he present embodiments are t¢ be
considered in all respacts as illustrative and not restrictive, and all changes
coming within the meaning and egquivalency range of the appended claims are

intended o be embraced therein.
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CLAIMS

1. A method of blind modulation detection for demodulating and decoding
a plurality of data bursts, each data burst in the plurality modtlated with the
same modulation technique selected from a set of known modulation
techniques, by a receiver in a wireless communication network, comprising:.
for each data burst in the piuraiity,
saving each data burst to memory;
independently formulating a preliminary decision as to which
modulation technique was applied to each data burst; and
demodulating each data burst using the preliminary modulation
decision;
formulating a global decision as to modulation technique based on an
analysis of all data bursts in the piurality;
for each data burst for which the preliminary decision differs from the
global decision,
retrieving the original data burst that was erroneously decoded,
from memory; and
demodulating the retrieved data burst using the giobal
modulation decision;
assembling the demodulated data bursts; and

decoding the assembled data bursts.

2. The method of claim 1 further comprising:
prior to retrieving the original data burst from memory,

erasing each data burst for which the preliminary decision differs
from the global decision by setting the demodulator
output soft bits to zero;

assembling the data bursts demodulated using a preliminary
modulation decision:;

decoding the data burst; ana

retrieving data burst from memory and demodulating it using the globat
modulation decision only if a decoding metric indicates decoding

errors.
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3, The method of claim 2 wherein the decoding metric is a Cyclic
Redundancy Check (CRC).
4. The method of claim 1 wherein formulating a preliminary decision as to

modulation technique comprises demodulating a known training sequence in
the data burst using each modulation technique in the known set, and

comparing demoduiation metrics associated with each modulating technique.

D. The method of claim 1 wherein formulating a global decision as to
modutation technique over all data bursts in the plurality comprises comparing

the preliminary modulation decision for each data burst in the pluratity.

6. A method of blind modulation detection for demaodulating and decoding
a plurality of data bursts, each data burst in the plurality modulated with the
same modulation technique selected from a set of known modulation
techniques, by a receiver in a wireless communication network, comprising:
for each data burst in the plurality,
saving the data burst to memory;
formulating a preliminary decision as to modulation technique;
and
demoduiating the data burst using the preliminary modulation
decision;
formulating a global decision as to modulation technique over all data
bursts in the plurality,
erasing each data burst for which the preliminary decision differs from
the global decision by setting the demodulator output soft bits to

Zero;

assembling the data bursts which were demodulated using a
preliminary modulation decision;

decoding the data burst; and

if a decoding metric indicates decoding errors,
for each data burst for which the preliminary decision differs

from the giobal decision,
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retrieving the data burst from memory; and
demodulating the data burst using the global modulation
decision;
assembling the demodulated data bursts; and

decoding the data burst.
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