009/0054277 A1 |10 0000 0 0O OO 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
8 January 2009 (08.01.2009)

‘ﬂb’ A0 0 0 0 0

(10) International Publication Number

WO 2009/005427 Al

(51) International Patent Classification:
HO4L 1/00 (2006.01) HO4L 27726 (2006.01)
HO4L 27/20 (2006.01)

(21) International Application Number:
PCT/SE2007/050487

(22) International Filing Date: 2 July 2007 (02.07.2007)

(25) Filing Language: English

(26) Publication Language: English

(71) Applicant (for all designated States except US): TELE-
FONAKTIEBOLAGET 1M ERICSSON (publ)
[SE/SE]; S-164 83 Stockholm (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): STOLT, Tomas
[SE/SE]; Sjobjornsvdgen 25, 2 tr, S-117 67 Stockholm
(SE). HEDBERG, Bo [SE/SE]; Kastrupgatan 10, S-164
41 Kista (SE).

(74) Agent: HASSELGREN, Joakim; Ericsson AB, Patent
Unit LTE, S-164 80 Stockholm (SE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

Published:
with international search report

(54) Title: ADAPTIVE MODULATION SCHEME FOR MULTIPATH WIRELESS CHANNELS

Time dispersion

A
GMSK | OFDM
Small
21 |
TDth -[ .............................. S
OFDM | OFDM
Severe |
§ SIR (dB)
Low SIRth High
S~ Fig 2

o (57) Abstract: A modulation method for data packets transmitted on a mobile communication channel, the method comprising a
first linear modulation mode, to be used when the radio conditions are good, and a second constant envelop modulation mode, to be
used when the radio conditions are poor. Since a constant envelope-modulated signal is degraded more when time dispersion occurs,
the first linear modulation mode is also used when the time dispersion is severe.

WO



10

15

20

25

30

35

WO 2009/005427 PCT/SE2007/050487

Adaptive modulation scheme for multipath wireless channels

TECHNICAL FIELD
The present invention relates to a method and an arrangement of

modulating data packets in a mobile communication channel.

BACKGROUND

Conventionally, a linear modulation technique is used in the
packet-based WCDMA (Wideband Code Division Multiple Access) of
the 3G UMTS (Universal Mobile Telecommunication System). In
linear modulation, the amplitude of the modulation envelope is
directly proportional to the amplitude of the modulated signal
at all frequencies, and linear modulation techniques, such as
e.g. QPSK (Quadrature Phase-Shift Keying) and 16QAM (Quadrature
Amplitude Modulation) are spectrum efficient and enables a high

data rate.

However, a linear modulation requires more costly power
amplifiers, since it results in a noise-like signal with a
Rayleigh distributed amplitude, having a peak-to-average
amplitude ratio, PAR, of about 10 dB, and the power amplifier of
the RBS (Radio Base Station) has to be dimensioned to deliver
the peak power. Various processing methods are commonly used to
limit the PAR, and a typical PAR value after processing is about
7 dB. The radio coverage and the required number of sites is
determined by the average transmitted power, and, consequently,
a linearly modulated power amplifier has to be dimensioned to
handle 7 dB more power than the average transmitted power. Thus,
it is expensive to achieve a good coverage, which results in a
limited 3G-system coverage, determined by the location of the

indoor users.

The time dispersion, or delay spread, of modulation symbols may
degrade a received signal, e.g. by intersymbol interference,
ISI, where the energy from one symbol spills over into another

symbol, and increase the BER (Bit Error Rate). The OFDM



10

15

20

25

30

335

WO 2009/005427 PCT/SE2007/050487
(Orthogonal Frequency Division Multiplexing) is a digital linear

multi-carrier modulation scheme used in the 3G-LTE (Long Term
Evolution), comprising a large number of closely-spaced
orthogonal sub-carriers, each sub-carrier modulated with a
conventional linear modulation scheme, e.g. QPSK, 16QAM or
64Q0AM, depending on the radio conditions. The OFDM has very long
symbols, i.e. ten times longer than the maximum time dispersion,
and, consequently, the degradation caused by time dispersion is

negligible, requiring no delay equalizer.

On the contrary, a non-linear constant envelope modulation
technique, such as e.g. the GMSK (Gaussian Minimum Shift Keying)
commonly used in the GSM (the Global System of Mobile
communication), has very short symbols, shorter than one tenth
of the length of the maximum time dispersion, and a delay
equaliser is normally used in order to reduce the time
dispersion. The GMSK results in a comparatively low bit-rate,
and an increased output power and coverage, with a PAR of 0 dB,
but the existence of spectrum emission outside the operating
frequency band will lead to poor spectrum efficiency. The GMSK
is a type of frequency-shift keying with a continuous phase, and
the signal to be modulated is filtered in a Gaussian low-pass
filter before being fed to a frequency modulator, thereby

reducing the adjacent channel interference.

In order to increase the bit-rate resulting from the GMSK, the
conventional GSM/EDGE is adapted to switch to a linear 8PSK
modulation from the constant envelope GMSK modulation, depending
on the monitored radio conditions. Since the linear 8PSK
suffers the drawbacks of a lower average output power and a
reduced coverage, 8PSK is only used when the radio conditions

are good, otherwise the constant envelope GMSK is maintained.

The packet-based W-CDMA of the 3G uses linear modulation, and
handles the time dispersion by a RAKE-receiver, since an

equalizer is only applicable at a lower bit-rate. The linear
2
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OFDM-modulation of the 3G-LTE, for the future 4G, has a

negligible degradation due to time dispersion. However, even
though the linear OFDM-modulation of the LTE results in a high
bit rate, it has the drawbacks of a limited coverage and a non-
efficient use of the power-amplifiers, and the above-described
solution of the GSM/EDGE is not applicable, due to the much
larger bandwidth of the LTE. Thus, it still presents a problem
to achieve an improved coverage and a more efficient use of the
power-amplifier in a packet radio communication channel, in
particular in a multi-user environment, without increasing the

time dispersion degradation.

SUMMARY
The object of the present invention is to address the problem
outlined above, ant this object and others are achieved by the

method and arrangement according to the appended claims.

According to one aspect, the invention provides a method of
modulating data packets transmitted on a mobile communication
channel. The method comprises a continuous monitoring of a value
indicating the radio conditions of the channel, and uses a
linear modulation when said monitored radio conditions value
exceeds a predetermined radio condition threshcld. When the
monitored radio conditions value corresponds to, or is lower
than, said radio condition threshold, a constant envelope
modulation is used, and the time dispersion is monitored
regularly and separately. When the monitored time dispersion is
determined to be severe by exceeding a predetermined time

dispersion threshold, a linear modulation will be selected.

The constant-envelope modulated signal following the power
amplifier may be RF-filtered to decrease spurious spectral
emission, and the radio conditions and the time dispersion may

be monitored by a mobile terminal.
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The method may be performed in a multi-user environment,
comprising scheduling of a user assigned to constant envelope
modulation depending on the determined time dispersion. The
scheduling may prioritize a user experiencing a low time

dispersion.

According to a second aspect, the invention provides a
modulating arrangement for transmitting data packets on a mobile
communication channel. The arrangement comprises a linear
modulator for a power amplifier and a modulation mode-selecting
unit arranged to receive a continuously monitored value
indicating the radio conditions of the channel, and to select a
modulation mode depending on the received value. Further, the
arrangement comprises a constant envelope-modulator for the
power amplifier, and said modulation mode-selecting unit is
arranged to select a linear modulation mode when said received
value indicating the monitored radio condition value exceeds a
predetermined radio condition threshold and to select a
constant-envelope modulation mode when said received value
corresponds to, or is lower than, said threshold. The unit is
further arranged to receive a regularly monitored value
indicating the time dispersion during constant envelope-
modulation, and to switch to a linear modulation mode when the
received value exceeds a predetermined time dispersion threshold

during the constant envelope-modulation.

The modulating arrangement may further comprise an RF-filter
following the power amplifier for removing spurious spectral

emission from the constant envelope modulated signal.

Additionally, the linear modulation mode may use OFDM, and the
constant envelope modulation mode may use GMSK. Further, the
value indicating the radio conditions may correspond to the SIR

(Signal-to~-Interference Ratio).
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described in more detail, and

with reference to the accompanying drawings, in which:

- Figure 1 is a diagram illustrating the radio conditions and
the bit-rate of a modulation method according to this
invention;

- Figure 2 is a diagram illustrating how the selection
between the first and second modulation mode depends on the
radio conditions and of the time dispersion;

- Figure 3 is a flow diagram illustrating an exemplary
embodiment of the modulation method, according to this
invention, and

- Figure 4 is a block diagram schematically illustrating an
exemplary modulation arrangement, according to this

invention.

DETAILED DESCRIPTION

In the following description, specific details are set forth,
such as a particular architecture and sequences of steps in
order to provide a thorough understanding of the present
invention. However, it is apparent to a person skilled in the
art that the present invention may be practised in other

embodiments that may depart from these specific details.

Moreover, it is apparent that the described functions may be
implemented using software functioning in conjunction with a
programmed microprocessor or a general purpose computer, and/or
using an application-specific integrated circuit. Where the
invention is described in the form of a method, the invention
may also be embodied in a computer program product, as well as
in a system comprising a computer processor and a memory,
wherein the memory in encoded with one or more programs that may

perform the described functions.
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A basic concept of this invention is to add a second constant

envelope-modulation mode, in addition to a first linear
modulation mode, and switching to the second mode when the radio
conditions are bad, in order to use the power amplifier more
efficiently and increase the output power. The radio conditions,
e.g. the SIR (Signal-to-Interference Ratio) or the SNR (Signal-
to-Noise Ratio), are continuously monitored, and the first
linear modulation mode is selected when the radio conditions are
good, i.e. exceeds a predetermined threshold, and the second
constant envelope-modulation mode is selected when the radio

conditions are bad, i.e. lower than said threshold.

The first linear modulation mode preferably uses the OFDM, which
has a negligible time dispersion degradation, and the second
constant envelop modulation mode uses e.g. the GMSK, having a
PAR of 0 dB, thus increasing the transmitted average output
power with up to 7 dB compared to the linear modulation under a
peak power constraint. The increased average power obtained with
the GMSK is achieved at the expense of lower peak data bit rate,
but since the new modulation mode is only used during bad radio
conditions, when a user is located far away from the base
station, the user would still receive a very low data bit-rate
with the OFDM, far below the peak rate. Therefore, during bad
radio conditions, the received bit-rate will in practice be
increased by the GMSK, as compared to the bit-rate achieved by
OFDM.

However, as explained above, the added second constant envelop
GMSK modulation mode is more susceptible to time dispersion than
the OFDM modulation, due to the much shorter symbols of the
GMSK, compared to the OFDM. Normally, the probability for a
severe time dispersion is low, and to use a delay equalizer for
reducing the time dispersion degradation, as in the GSM, would
require a very high complexity, due to the much larger
bandwidth. Therefore, according to the concept of this

invention, the resulting time dispersion degradation is reduced
6
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by a regular, or continuous, monitoring of the time dispersion

during the constant envelope GMSK modulation, and by switching
to OFDM modulation when the time dispersion becomes severe, i.e.
reaches a predetermined threshold value. In a multi-user
environment another user may be scheduled, and a user
experiencing a low time dispersion during the GMSK is

advantageously prioritized in the scheduling at every moment.

Figure 1 illustrates an exemplary relationship between the bit
rate and the SIR, according to an embodiment of this invention,
in which the first linear modulation mode uses the OFDM and the
second constant envelope modulation mode uses the GMSK. The SIR
in dB is illustrated on the X-axis, the direction of the X-axis
indicating a larger SIR, i.e. better radio conditions. The bit-
rate is illustrated on the y-axis, and the direction of the y-
axis indicates a higher bit-rate. According to this invention,
the first linear modulation mode is used when the radio
conditions of a user channel is good, i.e. the when the SIR is
high, indicated by the OFDM-line in the figure. When the radio
conditions on the channel are bad, i.e. the SIR is below a
predetermined threshold, SIRth, indicated by 18 in the figure,
normally between 0 and 5 dB, then the power amplifier switches
to the second constant envelope-mode. The hatched (GMSK)-line in
the figure indicates the GMSK bit-rate with the same output
power, but since the obtainable OFDM PAR normally is
approximately 7 dB, while the GMSK PAR is 0 dB, the transmitted
average output power from the same power amplifier is in reality
7 dB higher with GMSK, which is indicated by the GMSK-line in
the figure. Consequently, when the radio conditions are bad,
i.e. when SIR is low, the bit-rate will in reality increase by a
switch to the GMSK-mode, as compared to the conventional OFDM-
mode, even though the peak bit-rate is higher on an OFDM-

modulated channel than on a GMSK-modulated channel.

Since a GMSK-modulated signal degrades more when time dispersion

occurs than an OFDM modulated signal, the time dispersion is
7
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monitored separately and regularly during the constant envelope

mode, according to this invention. Normally, the time dispersion
will be small, and it is a low probability for the occurrence of
a severe time dispersion. However, when the time dispersion
becomes severe, i.e. exceeds a predetermined time dispersion
threshold, hereinafter denoted by TDth, the power amplifier
switches from the GMSK back to the OFDM, according to this
invention. The interference caused by the time dispersion is
hereinafter denoted Itd, and if the time dispersion is severe, the

S(ignal)/Itd is lower than SIRth.

Figure 2 illustrates the time dispersion and the SIR, and the
selection between the linear OFDM and the constant envelope
GMSK, according to this invention. The SIR is illustrated on the
X-axis, indicated by Low and High, respectively, with a suitable
SIR threshold, SIRth, typically between 0 dB and 5 dB, indicated
by the reference numeral 22 in the figure. The time dispersion
is illustrated on the Y-axis, indicated by Severe and Small,
respectively, with a suitable time dispersion threshold, TDth,
indicated by the reference numeral 21 in the figure. Thus, the
figure shows that OFDM is always selected if the radio
conditions are good, i.e. if the SIR exceeds said predetermined
threshold SIRth. When the radio conditions are good and the OFDM
is used, the time dispersion is unimportant, since the OFDM is
not sensitive to the occurrence of time dispersion, due to the

large symbols to the OFDM.

However, when the radio conditions are bad, such that the SIR is
lower than said threshold, the GMSK will be used, and the time
dispersion will be monitored regularly. The GMSK is used when
the SIR is low and the time dispersion is small, but if the
interference due to the time dispersion, i.e.Itd, , increases and
the time dispersion exceeds the predetermined time dispersion
threshold, TDth, then OFDM will be used, and another user may

advantageously be scheduled in a multi-user environment.
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Figure 3 is a flow chart illustrating an exemplary embodiment of
this invention, in which the linear modulation mode uses the
OFDM and the constant envelope mode uses the GMSK. According to
this invention, the radio conditions are continuously monitored,
in step 31, and in step 32 it is determined if the SIR, i.e. the
parameter indicating the radio conditions, is above or below the
predetermined threshold, SIRth. If SIR exceeds said threshold,
the linear OFDM-modulation is used, in step 33, otherwise the
power amplifier is switched to the constant envelope GMSK-
modulation, in step 34, and the time dispersion is monitored
separately and regularly. If it is determined, in step 35, that
the time dispersion is severe, i.e. exceeds a predetermined time
dispersion threshold, TDth, or that the continuously monitored
radio conditions have improved and are exceeding said SIR
threshold, SIRth, then the OFDM is selected, in step 33, otherwise
GMSK will still be used.

Additionally, since a drawback with the constant envelop
modulation is the lower spectrum efficiency, which results in an
increased spurious spectral emission, an improved RF filtering
is applied, according to a further embodiment of this invention.
However, the RF-filtering is only applied on the constant-
envelope modulated signal, and the linearly modulated signal

will not be affected or degraded at all.

The second constant envelope modulation mode, according to this
invention, is also advantageous if the supplied DC power or the
power loss dissipation is the limiting factor, since a power
amplifier requires a lower level of supplied DC power for the
same output power using constant envelope modulation, as
compared to a linear modulation. Additionally, the efficiency is
larger, typically 60% using constant envelope modulation, as
compared to typically 25% for a linear modulation power

amplifier.
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Therefore, according to this invention, the average output power

on a packet radio channel in a cellular system can be
considerably increased under any type of power constraint, such
as e.g. the peak power, the supplied DC power or the dissipated

power.

Figure 4 is a block diagram illustrating an exemplary embodiment
of the modulation arrangement according to this invention. The
power amplifier is indicated by 43, which is driven by a linear
modulator 41 or by a constant envelope-modulator 42. The
selection between the linear and the constant envelope modulator
is controlled by a modulation mode-selecting unit 45, according
to this invention. The radio conditions and the time dispersion
are typically monitored by the conventional monitoring functions
of a mobile terminal 47, and suitable values indicating the
radio conditions, e.g. the SIR, as well as the time dispersion,
are forwarded to the modulation mode-selecting unit 45 via the
radio channel and the receiver 44. This modulation mode
selecting unit compares the received value of the SIR with the
predetermined threshold SIRth,and selects the appropriate mode.
Additionally, during the constant envelop mode, the mode-
selecting unit compares the received time dispersion value with
the predetermined threshold TDth, and switches back to the linear
mode when a severe time dispersion occurs, or when the radio
conditions have improved. Further, a suitable RF-filter 46 is
required for the constant envelop modulated signal due to the
occurrence of spurious spectral emission, the RF-filter having a

bandwidth corresponding to the modulation bandwidth.

In the conventional OFDM, the radio conditions are normally
monitored as well, and a different modulation method is selected
depending on the radio conditions. Figure 1 illustrates an
exemplary embodiment of this invention, using the OFDM in the
first linear modulation mode. The SIRth, denoted by the reference

numeral 18, indicates the radio condition threshold for

10
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switching to the second constant envelope modulation mode, and,

as described above, an exemplary SIRth is typically between 0 dB
and 5 dB. However, according to the conventional OFDM, different
modulation modes are applied for SIR-values above this threshold
SIRth, depending on the radio conditions, such as QPSK-modulation
for a comparatively low SIR, 16 QAM-modulation for a good SIR,
and 64 QAM-modulation for an excellent SIR.

While the invention has been described with reference to
specific exemplary embodiments, the description is in general
only intended to illustrate the inventive concept and should not

be taken as limiting the scope of the invention.

11
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CLAIMS

A method of modulating data packets transmitted on a mobile

communication channel, the method comprising the steps of:

continuously monitoring (31) a value indicating the radio

condition of the channel;

using a linear modulation (33) when said monitored radio
condition value exceeds (32) a predetermined radio
condition threshold, the method characterized by the

additional steps of:

selecting a constant envelope modulation (34) when said
monitored radio condition value corresponds to, or is
lower than, said radio condition threshold, and regularly

monitoring the time dispersion separately;

selecting a linear modulation (33) when the monitored
time dispersion is determined to be severe by exceeding

(35) a predetermined time dispersion threshold.

A method according to claim 1, further comprising
RF-filtering of the constant-envelope modulated signal
following the power amplifier to decrease spurious

spectral emission.

A method according to claim 1 or 2, wherein the radio
conditions and the time dispersion are monitored by a

mobile terminal (47).

A method according to any of the preceding claims, wherein

the linear modulation uses OFDM.

A method according to any of the preceding claims, wherein

the constant envelope modulation uses GMSK.

A method according to any of the preceding claims, wherein
the method is performed in a multi-user environment, and

further comprises scheduling of a user assigned to
12
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9.

constant envelope modulation depending on the determined

time dispersion.

A method according to claim 6, wherein said scheduling

prioritizes a user experiencing a low time dispersion.

A method according to any of the preceding claims, wherein
the value indicating the radio conditions corresponds to

the SIR (Signal-to-Interference Ratio).

A modulating arrangement (40) for transmitting data
packets on a mobile communication channel, the arrangement
comprising:

- a linear modulator (41) for a power amplifier (43);

- a modulation mode-selecting unit (45) arranged to
receive a continuously monitored value indicating the
radio conditions of the channel, and to select a
modulation mode depending on the received value;

the modulation arrangement (40) characterized by:

- a constant envelope-modulator (42) for the power
amplifier;

- said modulation mode-selecting unit (45) arranged to
select a linear modulation when said received radio
condition value exceeds a predetermined threshold, and to
select a constant-envelope modulation when said received
value corresponds to, or is lower than, said threshold:;

- said modulation mode-selecting unit (45) further
arranged to receive a regularly monitored value
indicating the time dispersion during constant envelope-
modulation, and to switch to a linear modulation mode
when the received value exceeds a predetermined time

dispersion threshold during constant envelope-modulation.

10. A modulating arrangement according to claim 9, wherein

the arrangement further comprises an RF-filter (46)

following the power amplifier (45) for removing spurious
13
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spectral emission from the constant envelope modulated

signal.

11. A modulating arrangement according to any of the claims
5 - 10, wherein the linear modulator (41) uses OFDM-

modulation.

12. A modulating arrangement according to any of the claims

- 11, wherein the constant envelope modulator (42) uses
10 GMSK-modulation.

13. A modulating arrangement according to any of the claims
- 12, wherein the value indicating the radio conditions

corresponds to the SIR (Signal-to-Interference Ratio).
15
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