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II. Description of Related Art

[0003] The GSM standard (Global System for Mobile Communications) is a mobile
cellular standard that has been used extensively for many years in Europe, Asia and
Africa, and, to a lesser extent, in North America. GSM is a TDMA (time division
multiple access) system with 8 timeslots per frame and is used for both voice and data
operations. In standard GSM the modulation is GMSK (Gaussian Minimum Shift
Keying) which has 1 bit/symbol.

[0004] As technology has moved on, GSM has evolved in order to keep up. GPRS
(General Packet Radio Service) is an extension of GSM in which up to 5 time slots per
frame can be used. The time-slots are divided between receive (Rx) and transmit (Tx),
for example 4 Rx slots and 1 Tx slot. The EDGE (Enhanced Data rates for GSM
Evolution) has also been developed. EDGE uses a higher modulation scheme than the 1



with GPRS is known as EGPRS and is defined by ETSI GSM
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If the power remains on during the guard period, as it will under the circumstances
“outlined above, the transmitter has to be controlled carefully in order to minimize
interference to others. The EGPRS specification defines a spectrum mask for the
transition, which mask is intended to keep spurious emission as low as possible.
Although how this is to be achieved is not specified in the standard, the usual approach
is to design both the baseband circuitry and the RF circuitry together to satisfy the
conditions of the mask. The mask requirements can be readily met if both of the bursts
are of the same modulation. Here, the transition can be made smoothly and has been
done for some time in GSM base stations even for transitions between different power

levels.
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According to one aspect of the invention there is
provi ded a nethod of effecting a snooth transition
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~ pattern; modulating the first digital symbol burst in a first modulation format;
modulating the second digital symbol burst in a second modulation format different than
the first modulation format; and transmitting the modulated first and second digital
symbol bursts, the transmission of the second digital symbol burst starting upon
completion of the transmission of the first digital symbol burst at an instant so selected
that transmission of the end set of bits of the first code sequence is synchronized in time
with the start set of bits of the second code sequence.

[0013] According to another aspect of the invention there is provided an apparatus for
effecting a smooth transition between adjacent digital information bursts transmitted in

different modulation formats, the apparatus comprising: means for selecting a first
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digital information to be transmitted with a first phase and a first amplitude in a radio ‘

signal and for selecting a second sequence of digital information to be transmitted with
a second phase and a second amplitude in the radio signal; and means for transmitting
the first digital information burst in a first modulation format, and transmitting the
second digital information burst in a second modulation format different than the first
modulation format, the transmission of the second sequence starting before completion
of the first sequence at an instant so selected to minimize the respective differences

between the first and second phases and the first and second amplitudes.
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[(%\/159] The above and further features of the invention are set forth with particularity
in the appended claims and together with advantages thereof will become clearer from
consideration of the following detailed description of an exemplary embodiment of the

invention given with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the drawings:
[0021] Figure 1 is a timing diagram showing a portion of an EGPRS signal with a

transitional graph shown relative to the signal;
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0032] In the following there will be described a method and an apparatus for effecting
a smooth transition between adjacent digital data bursts transmitted in different
modulation formats. The method and apparatus have particular, but not sole, application
to the transition between adjacent GMSK and 8PSK bursts in an EGPRS system.

[0033] Turning now to the accompanying drawings, Figure 1 shows a portion of an
EGPRS signal 10. The signal 10 comprises a GMSK burst 12 and an 8PSK burst 14.
The two bursts 12 and 14 are separated by a guard period 16. In the ETSI standard, the
guard period 16 is defined as 8.25 symbols but will be represented as eight symbols (A,
B, C, D, E...) herein for the sake of clarity of explanation. Also, it should be noted that
while the following description is of the transition from GMSK to 8PSK modulation
shown in Figure 1, the method and apparatus apply equally to a transition from 8PSK to
GSMK modulation.
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30. Voice signal data are directed along the GMSK path 28 and digital information data
are directed along the 8PSK path 30. Thus, voice signal data are subject to GMSK

modulation and digital information data are subject to 8PSK modulation. This is
consistent with the EGPRS standard. It will, of course be appreciated that other
standards may require different modulations to be applied to voice signal data and
digital information data.

[0037] The path 28 comprises a GMSK digital modulator 32 which applies GMSK
modulation at an over-sampling rate of 48 (OSR48) to the coded data from the divider
26 to produce GMSK modulated symbols. The GMSK modulated symbols from the
modulator 32 are filtered by a filter 33, which conditions the symbols for further
processing. The filtered symbols are buffered in a digital data buffer 34 for subsequent
selection. Similarly the path 30 comprises an 8PSK digital modulator 36 which applies
8PSK modulation at an over-sampling rate of 48 to the coded data from the divider 26
to produce 8PSK modulated symbols. The 8PSK modulated symbols are filtered by a



[0036] Figure 2 of the acconpanying draw ngs

represents in schematic formthe architecture of a
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to the GMSK and 8PSK bursts and to advance or delay the output of the corresponding

pulses for transmission. Thereafter the symbols are input as pulses to an RF modulator
for radio transmission.

[0042] In this way, the form of the GMSK and 8PSK bursts and their timing is
adjusted to minimize spurious signals during the guard period 13 (see Figure 1) when
the symbols are transmitted as a radio frequency (RF) signal.

[0043] Although the operational units shown in Figures 2 and 3 are presented as
separate entities, it should be appreciated that the units may in practice be effected in a

single DSP (digital signal processing) processor. Advantages of cost will usually make



advantage of this single path approach is that it
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[0046] The GMSK and 8PSK bursts from the filter 54 of Figure 2 are modulated by

the RF modulator circuit 60 of Figure 4 onto an RF carrier for transmission. Generally

the two modulation schemes GMSK and 8PSK have nothing in common with each
other; the modulation can start or end at any position. Indeed, without the information
provided in the look-up table 56 (see Figure 2) that is precisely what would happen. The
result of this would be to generate spurious emissions in the transmitted RF signal, some
of which spurious emissions would be outside the spectrum mask defined by (in this
example) the ETSI standard.

[0047] It will be appreciated that the reduction in spurious RF emissions realized by
above-described conditioning of the GMSK and 8PSK signals may be enhanced by
further power control of the transmitted signals by the RF modulator circuit 60. Such



single DSP unit is well within the scope of know edge

of a DSP designer. [0044] Figure 4 of the acconpanyi ng
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[0051] Although there are many different combinations of GMSK end symbols, 8PSK
start symbols and timings relative to the guard period, it is a simple task to identify

i (

combinations that provide a smooth transition. The following description provides by
way of example one suitable combination of GMSK end symbols, 8PSK start symbols

and timings relative to the guard period.



of which spurious em ssions would be outside the
spectrum mask defined by (in this exanple) the ETSI
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the RF transm ssion. [0051] Although there are many

[8'65% e[T%gtabgse aglatf Ol?oswsog selec P1<oneg sgﬁ{g%? ltﬁe m%ﬁ?réPSK switching

points that are available. Consider the code sequence 06605 at the over-sampling (OS)

points 13 and 14. There is an 8PSK modulation point that can smoothly carry on from
the GMSK OS point 14. The GMSK modulation point has similar (if not identical) time
dependent phase characteristics.

[0053] Returning to Figure 1 a graph 100 placed over the GMSK burst 12, guard '
period 16 and 8PSK burst 14, shows a number of possible GMSK transitions starting
from the sequence 111 that are potential matches to the 8PSK, OS point 14 identified in
Table 1. The graph 100 in Figure 1 shows how the phase angle can change over time
depending on whether the symbol changes from a 0 to a 1 during the guard period 16.
As shown, the 8PSK burst ends in such a way so that the first symbol of the switching

code starts from 0° phase. In order to ensure that there is no discontinuity the start time



start synbols and timngs relative to the guard

period, it is a sinple task to identify conbi nations
woOheats/ogsnri de a snmooth transition. The fol | ow RQT/US2005/007113

description provides by way qf exanple one suitable
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period, either GMSK or SPSK. The modulation changes from one to the other at the

instant of switching.

[0056] It was noted earlier herein that the GMSK and 8PSK modulations can each be
represented by the following four parameters: amplitude, rate of change of amplitude,
phase, and rate of change of phase. In this example, the change of amplitude is always
from above 1.0 to below 1.0 or vice versa. At the point 110b in Figure 8, the amplitude
of the GMSK burst is 1.0 and that of the S8PSK burst is 0.999566. This is a good match,
because the difference (0.000434) between the two amplitudes is less than 1 bit of a 12-
bit digital to analog converter (DAC). Similarly the rate of change of amplitude is zero
for the GMSK burst and minus 0.0166/step, which is well within the acceptable range
for 8PSK modulation. As regards the phases, the GMSK phase is 24.375° and the 8PSK



sequence 06605 of 8PSK and the sequence 11110 of GVBK

is the point 30b. This is not easy to see in Figure 7
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therefore desirable, but not essential, to delay the 8PSK switching for as long as

possible. The switching should occur at GP8, if possible. Of course, priority should be
given to ensuring a continuous transition between GMSK and 8PSK and the instant of
switching should be selected accordingly. The selection of the switching point should
also take account of whether the direction of change is up or down. Switching earlier
when the change is up and switching later when the change is down results in the

switching occurring at low power rather than high power.



and Figure 10. Figure 9, like Figure 5 shows the I
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GWBK signal 144 and the Q cdftponent of an 8PSK si gna
146. However, unlike the graphs of Figures 5 and 6,
there is no disconnect between the two signals in
[oeso]h dt shéuld e EegufremOtherabbie descripliog rthahis .is [posm@]: to effect a
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8PSK swi tching for as n DOSSI bI The
uapERE Gy s oyt Do of sty daodhd I Jitteren
nﬁﬁﬁghgnpﬁngmyen to ensuring a contlnuous transition

tween GWBK and 8PSK and the instant of sw tching
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adj acent digital data bursts transmitted in different
nodul ation formats, specifically from GvWK to 8PSK of
vi ce versa. The abovedescri bed net hod and appar at us
make use of the guard period, which according to the
standard rmust be low radiation. Arbitrary transition
bet ween GWBK and 8PSK fail to




nmeet the mask specified in the standard transitions;

spurious transitions would be generated. However, by
woansiodenred sel ection of switching codes and t RETHISEW®S/007113

of switching, the required snooth transition between

GVBK and 8PSK can be realizdd This may result in a

smal |l increase in processing overheads but the

increase (typically less than 0.05% is so snall as to

be negligi bl e. The enbodi @eAldISqave been descri bed

with respect to a nobile station (M5) which wll

typically be a nobile phone. However, the nethod and

apparatus are equally useful in a basg st a(ﬁi,oq,. or .
1.i ddmethod oy effedtimg atsnanesiyiransition besveany adpsamty dgital information

consecutive hursts of ' ept
Tt doro Tl R RGBS Chinp SRR,

i nvegdidoafs RYirétebes edmendedfops Gifse digitd] smitwi bmshtosbd transmitted,
to be mel% under st ood that the en?g%{ngﬂt§%in que tionbl
arvehielx Srspsesgnceroimpaises @ $7h 0L FhMboL Vigh e I garticular symbo
varjations such as will occur to those possessed of

aﬁ’ﬁ %rf)lr i ate know edge and skills may be nade wi t hout
depasdlestiag brsesvrideds piquiehcedivrla seopé digftat $ymbiohburst todre
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transm erent ‘nodul ation formats, the
net hemdalatipg iteifivet: digitd] sybelgpuastfin p Sirst sepdalatiogdemesd f or

a first di.gital s l..Qurst t.0 bhe tr itt . Whi
Fi r strosulplif b sedirprised bkttt o h S Tl ot b
fi diBitreRdhbh Gl Akt myahaiorPRih&s fid sel ecting a second
code sequence for a second digital_ synbol_ bhuyrst to be

t r ansmnsnigihgthe modulatedsfirsisand geemd £ligi) yBbolfyrsls, the

whi ch second,sequence ' .
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t h@ardsinifondifdhd fidst Sigithldynibol Biirst 20 an ifstans so saletiédthpon
format; nodul ating the second_digital synbol b

rst. in. .
- wewowsionsdtheendcret pEhiFrl (o sk sodsoqRe Srramghrpiiged in time
nod tion r R . Vo] he nodul at ed
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transm ssion of the second digital synbol burst

starting upon caonpletign of . .
2. A methc?d aspclaimedrirnpclagm?, Wﬁere}nqﬁe instant is a point in time where the first

particular symbol pattern and second particular symbol pattern are closely matched

according to one or more criteria.

" 3. A method as claimed in claim 2, wherein:

the first and second digital symbol bursts each have a respective amplitude and

phase;
and the criteria comprise a close match between at least one of the amplitude of

the first and second symbol bursts and the phase of the first and second symbol

bursts.

4. A method as claimed in claim 2 or 3, wherein:



transm ssion of the first digital synmbol burst at an

instant so selected that transm ssion of the end set
wohodsioss2ef the first code sequence i s synchr oRCTA82008/007113

time with the start set of bits of the second code

sequence. 2. A method as cl di®med in claim1, wherein

the instant is a point in tinme where the first

particul ar synbol pattern and second particul ar synbol

pat t e anmpliendel ofthk firstmnd hemdnd spwbdli ugsts eachrhave a respedtive rate

criteria. 3. A nmethod as clained in claim2, wherein:

t €ckaneg: adng second digital synbol bursts each have a

I €S p@elehivRiad@Rlpriss § 81088 thaRitaeBiechtie #48ofCdhah € indmplitude of

conprise a close match between at | east one of the

anipd fitstiaked secondeynitiol burstsnd second synmbol bursts and

the phase of the first and second synbol bursts. 4. A

nethod as clainmed in claim2 or 3, wherein:the

5amiieinbdas cimbd i diyprtceahy Ssannterirbdelfiritund secoadchde
have a respective rate of change; and the criteria

c capranges ac trawRittad such thatahieast angditofthe id sshefiyabols of the

ampl.i tud | A
0GBl 4 A SREE Y Bl Shdecsh

f isegienady asdaieght 6nslgmsted vé theasarbsee of thasswint seghescris

that at | east one _bit of the end set of synbols of the

f jtragsmiteddn Hreuatd petidsni tted in a guard period

between the first and second sequences, and at | east

one synbol of the start set of the second sequence is

61 ransthdd mdldimed eamymectdpey ¢laith, wherein thetflvstdiigital symbol burst

clai med in_any .preceding clai.m .wherein the first
di C@m%se%‘yﬁ%?v‘mg% F*‘é’[fesé%tgft%‘f ‘é%‘gg Flﬁ’f‘%r mat i on
representing a voice signal. 7. A nethod as clained in

any preceding claim wherein the second digital synbol
7bu sethashasrdlaasd iminy pracdding ¢laipt, sdwsrain fhy sacandidigital symbol

signal . 8.. A.nethod as clai.ned in precedi ng claim
M@?gicﬁnlpﬁ‘éesflquo a ?Ibfepﬁﬁsergilnlgbao(#at%%%%l' is nodulated in
a Gaussi anM ni mum Shi ft Keyi ng (GWSK) nodul ati on

format .
8. A method as claimed in any preceding claim, wherein the first digital symbol burst

is modulated in a Gaussian Minimum Shift Keying (GMSK) modulation format.

9. A method as claimed in any preceding claim, wherein the second digital symbol

burst is transmitted in an 8-ary phase shift keying (§PSK) modulation format.

~ 10. An apparatus for effecting a smooth transition between adjacent digital information
bursts transmitted in different modulation formats, the apparatus comprising:
means for selecting a first sequence for a first digital symbol burst to be
transmitted, which first sequence comprises a set of end symbols with a particular
symbol pattern; '
means for selecting a second sequence for a second digital symbol burst to be
transmitted after the first digital symbol burst, which second sequence comprises a

set of start symbols with the particular symbol pattern;



9. A nethod as clainmed in any preceding claim wherein

the second digital synbol burst is transmtted in an
wa-2e05p8phase shift keying (8PSK) nodul ati on f oPOBMUS2005/007113

10. An apparatus for effecting a snooth transition

bet ween adj acent digital infldrmation bursts

transmtted in different nodul ation formats, the

apparatus conprising: nmeans for selecting a first

sequasas foomodulbfingthe dirgidigital syt butstiirsa firs mipdulation format
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dicfbiss efithefinstreodthieequpnastis pmebronized i fueaith thy strtghefbits of

fQ[ tera{l}(i%tsi n ntcge nodul ated first and second
diff {EPRSYMSSPIDUrEt s, the transmission of the second
di gital synbol burst starting upon conpletion of the

first digital informatjon synbol at an instant .so
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of the en synbol s of the first sequence is
t ranashpdriodd i n a guard period between the first and
second sequences, and at |east one synbol of the start
set of the second sequence is transmtted in the guard

10EAh Bpbardds A CIARRANACIHIMAD o8 18] Whdeinthefifst digitl symbbl burst
wherei'n the first digital synbol burst conprises

i nécomprises informatipp sepieSeRdnga Voire 8ig8ilgnal . 13. An

apparatus as clainmed in claim110, 11 or 12, wherein

the second digital synbol burst conprises infornmation
1BERA BF SRS Bs Elaidi@dddn $1aal, 11 or 12, wherein the second digital symbol

burst comprises information representing a data signal.

14. An apparatus as claimed in any of claims 10 to 13, wherein means for modulating is
arranged to modulate the first digital symbol burst in a Gaussian Minimum Shuft
Keying (GMSK) modulation format.

15. An apparatus as claimed in any of claims 10 to 14, wherein the means for
modulating is arranged to modulate the second digital symbol burst in an 8-ary

phase shift keying (8PSK) modulation format.

16. A method of effecting a smooth transition between consecutive sequences of digital

information transmitted in different modulation formats, the method comprising:



14. An apparatus as clained in any of clainms 10 to 13,

wherein neans for nodulating is arranged to nodul ate
woheosfossee di gital synbol burst in a Gaussi an RCHiUS2095/007113

Shift Keying (GVBK) nodul ation format. 15. An appar at us

as claimed in any of clainmsl30 to 14, wherein the

means for nodulating is arranged to nodul ate the

second digital synbol burst in an 8-ary phase shift

keyisaRc# @3PSkt fR@shRtdfdigifad infanmatibf t\berrarortied with a first

effecting a snooth transjtion between consecutive
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signal; transmtting The first digital information
bdifétreritrihan the fisst modalatian ffeymaf. sherensmsrion ofthe sreopd pryluence

the second digifal infordmti] i
G on o b ORERRYl hef S5E800 1 mimie
f Qi BlpectiPeaifernsss tiebivesh 1€ ftdand ewond phesguamntthe first and
starting before conpletion of the first sequence at an

i metomdampditugles ect ed to minini ze the respective
di fferences between the first and second phases and
the first and second anplitudes 17. An apparatus for
1B A gipatgusios effating rsansilt iramsitvetheercenconsseuiivd sequences of
sequences of digital inforpation transmtted.in
didigital efermasien tEnsBittet 4 fitezent ﬂ?&“&%ﬁ% ?]%ﬁs the apparatus
cQ l.s4.ng: neans for selecting a first sequence of
df%?#%?ﬁ@hfornation to be transmtted with a first | )
phas meamdfoasdléating adivpt sequahee phdigitalinfosmetiemig bedfrmsmigted with
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format different than the first modulation format, the transmission of the second

)

sequence starting before completion of the first sequence at an instant so selected to

minimize the respective differences between the first and second phases and the first

and second amplitudes

18. An apparatus for processing digital symbols prior to transmission of the symbols in
two different modulation formats, the apparatus comprising;
means for selecting from a set of symbols some of the symbols for modulation in
a first modulation format and for selecting others of the symbols for modulation in a
second modulation format different than the first modulation format;
means for modulating the said some symbols in accordance with the first
modulation format and for modulating the said others of the symbols in accordance

with the second modulation format;



sequence starting before conpletion of the first

sequence at an instant so selected to mnimze the
woesp@sgdzze di fferences between the first and seTmsenos/007113

phases and the first and second anplitudes 18. An

apparatus for processing di g1i9t al synbols prior to

transm ssion of the synbols in two different

modul ation formats, the apparatus conprising; nmeans

for sl mnm@rfompmtmgstm s;mrﬁboéwsmﬂrss Swrtenemissios, in which
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i ntroduci ng an advance or a delay to either or both of
the burst of synbols in the first nodul ati on format
28N A afFarBids 88 claim&iARRMiS 18briibewheeintle oollili@tingmeans
format depending on the timng information in the
IoaknmpWSable 20. An apparatus as clainmed in claim18,
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a pulse shaping filter for shaping the symbols prior to transmission.

)

21. An apparatus as claimed in claim 18, 19 or 20, wherein the means for modulating
comprises a first modulating path for modulating the said some symbols in
accordance with the first modulation format and a second modulation path for

modulating the said others of the symbols in accordance with the second modulation

format.

22. An apparatus as claimed in claim 21, wherein each modulation path comprises:
a modulator for modulating the symbols in the respective one of the first or
second modulation format; and

a buffer for buffering the modulated data from the modulator.



a pul se shaping filter for shaping the synbols prior

to transm ssion. 21. An apparatus as clainmed in claim
waa00sb8sae 20, wherein the neans for nodul ati ngCT/US2005/007113

conprises a first nodul ating path for nodul ating the

said sonme synbols in accord e wth the first

nmodul ation format and a second nodul ati on path for

nodul ating the said others of the synbols in )
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second nodul ation path. 24. An apparatus as claimed in
arsarmiér for tignsmigs®ort. o 23, further conprising a radio

nodul ati ng neans for placing the burst of output

synbols onto a radio frequency carrier for
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