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Timeslot hopping for transmitting call data

Technical Field

This invention relates to a method for transmitting call data in a digital
wireless communication network and to a network node of the digital

wireless communication network transmitting call data of at least two users.

Background

The rapid growth of the subscriber base in GSM has stressed the need for
increased voice capacity. Thus, both mobile network operators and telecom
equipment manufacturers have agreed to open a new study item in 3GPP
standardization. The study item has been named MUROS (Multiple User
Reusing One Slot) and is described in GP-072027, “WID on MUROS”. The
basic idea is to allow two (or more} users to share the same carrier frequency
and the same timeslot, both in the downlink and in the uplink. There are
several possible technical realizations of MUROS.

In one MUROS solution (GP-070214, ,Voice Capacity Evolution with
Orthogonal Sub Channel”, source Nokia), a QPSK modulation is used in the
DL (downlink). The two user signals are mapped to the real and imaginary
parts of the baseband signal. These are called the I and Q sub-channels, and
under some conditions they are orthogonal, and therefore named OSC
(Orthogonal Sub-Channels). In PCT/SE2008/050116 it is proposed to use a
hybrid quaternary modulation in the DL.

In the uplink, i.e. in case data are transmitted from a mobile station to a base

station, one solution (GP-070214, ,Voice Capacity Evolution with Orthogonal
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Sub Channel, source Nokia) is to use GMSK modulation in the uplink. The
two GMSK modulated signals from two mobile stations are transmitted on the
same timeslot and carrier frequency (or sequence of frequencies in case
frequency hopping is deployed). On the receiver side, multi-user detection or
interference cancellation techniques can be used to demodulate the two

signals.

Even though legacy mobiles are supported by the technique described in the
above referred PCT application, new MS (Mobile Station) types will still be

required because a new training sequence set is introduced.

Two (or more) users share one radio resource. Even though the name of the
concept implies that orthogonality is involved, the two users are in fact not
perfectly orthogonal since time dispersion on the channel (due to multipath
propagation on the radio channel and filters in the transmitter and receiver)
will cause leakage between the I and Q sub-channels. For the downlink, this
means the two users will interfere one another. For the uplink, i.e. when data
are transmitted from the mobile station to the base station, the phase
difference between the two users will be random and hence orthogonality is

not achieved even in the absence of time dispersion.

In the existing solutions, this lack of orthogonality results in that each user is
interfered by the user using the other sub-channel. This interference will
degrade the performance of each user. If discontinuous transmission (DTX) is
used, the inter-sub-channel interferer will sometimes be present and
sometimes not. The performance (e.g., speech quality) will be limited by the

time periods when the interferer is present.

Further, in a scenario in which OSC is used for only a subset of the channels
in a cell (e.g., due to the current cell load, there is no need to multiplex two
users on all channels), users on OSC channels will experience worse link
quality (e.g., coverage) than users on non-shared channels. This makes it more

difficult to manage the quality in the network.
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In the existing OSC solution, the frequency hopping standardized for GSM
(BGPP TS 45.002, “Multiplexing and multiple access on the radio path”) can be
applied to the QPSK modulated signal in downlink and each of the GMSK
modulated signals in uplink. Consequently, the two sub-channels will use the
same frequency hopping sequence and hence the same frequency and timeslot

at any given instant in time.

In summary, the existing solutions have several drawbacks leading to a

deteriorated speech quality.

Summary

Accordingly, it is an object of the present invention to obviate at least some of
the above-mentioned disadvantages and to provide an improved speech quality
for different users while maintaining an increased voice capacity transmitted

over the wireless communication network.

This object is achieved by the features of the independent claims. In the

dependent claims, preferred embodiments of the invention are described.

According to a first aspect of the invention, a method for transmitting call data
in a digital wireless communication network is provided, the communication
network having at least one radio frequency channel. The call data are
transmitted over said at least one channel in a sequence of a predetermined
number of timeslots wherein at least two users of the network share the same
radio frequency channel and the same timeslot. According to this aspect of the
invention, the call data from said at least two users are transmitted in the
network using timeslot hopping in which each of said at least two users has a
different timeslot hopping sequence. When two pairs of users use the same
frequency channel and the same timeslot, interference between the users may
occur. However, as the users have different timeslot hopping sequences, it can
be avoided that call data of the same two pairs of users are continuously
transmitted in the same radio frequency channel and the same timeslot over

time. Accordingly, an interference diversity is obtained improving the speech
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quality of the transmitted data. As the time sequence of speech and speech
pauses is normally different for different pairs of users, it is preferable to have
an interference diversity in order to avoid that always the same users are
interfering with each other. By using timeslot hopping sequences which are
different for each user, it can be avoided that one user is always interfered by
the same other user. The pairing of users sharing the same frequency and
timeslot is broken improving the speech quality for each of the users in the

network.

Furthermore, the call data of each radio frequency channel may be
transmitted in a sequence of frames each frame containing said predetermined
number of timeslots. In the present invention, the timeslot hopping sequence
now indicates, for each frame of a sequence of frames, in which timeslot within
the frame the call data of a predetermined user are provided. By way of
example, eight timeslots may build one frame, the timeslot hopping sequence
indicating from frame to frame in which of the eight timeslots within the frame
the call data of one user are provided. According to this aspect of the
invention, the timeslot sequence of one user differs from the timeslot sequence

of another user.

According to another embodiment of the invention, the hopping sequence is
determined in such a way that at most a predetermined number of users share
the same timeslot at any time instant. By limiting the number of users sharing
the same timeslot, it can be avoided that too many users share the same
timeslot at any time instant helping to equally distribute the data over time. By
way of example, the hopping sequences may be designed in such a way that at
most two users hop onto the same frequency and timeslot. However, it may
also be possible that another number of users share the same timeslot at any

time instant.

The call data of each user sharing the same timeslot and transmitted in one
radio frequency channel can be transmitted in a subchannel, the subchannel

being orthogonal to the other subchannels of the same timeslot. When
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orthogonal subchannels are used, the interference between the different

channels can be minimized.

According to another embodiment of the invention, the different timeslot
hopping sequences for the different users may be obtained by providing a first
group of users within a predetermined radio frequency channel using a
timeslot hopping sequence with a constant timeslot number. Additionally, a
second group of users exists within said predetermined radio frequency
channel having a timeslot hopping sequence with a varying timeslot number.
When each user of the second group has a different timeslot hopping
sequence, it can be avoided that two users of the different users have the same
timeslot hopping sequence. In this embodiment, the timeslot number of the
first group of users can be kept constant and only the second group of users

jumps from timeslot to timeslot in the sequence of frames.

In addition to the above-discussed timeslot hopping sequence, a frequency
hopping may be carried out when the data are transmitted via a plurality of
radio frequency channels with different radio frequencies. In this embodiment,
a frequency hopping from one radio frequency channel to another radio
frequency channel may be carried out. When the radio frequency hopping is
used in addition to the timeslot hopping, the diversity of the different users
can be further increased and the probability that call data of the same pairs of
users are transmitted in the same timeslot and the same frequency channel is
further minimized. The hopping sequences of the radio channel hopping
sequence of the different users are also designed in such a way that at most a

predetermined number of users hop onto the same frequency and timeslot.

When the timeslot hopping sequence scheme is used together with the radio
frequency channel hopping sequence scheme, the different users may have the
same radio frequency channel hopping sequence. This means that two users
may use exactly the same frequency hopping sequence and since the call data
of these users are in different timeslots they do not interfere with each other.

In another embodiment, however, it is also possible that each of said users has
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a different radio frequency channel hopping sequence in addition to the

different timeslot hopping sequence.

The invention, furthermore, relates to a base station controller of a digital
wireless communication network controlling a transmission of the call data of
at least two users. The controller is configured in such a way that it controls
the transmission of the call data of different users over at least one radio
frequency channel in a sequence of a predetermined number of timeslots. The
controller controls the transmission in such a way that at least two users of
the network share the same radio frequency channel and the same timeslot.
Additionally, the controller is configured to introduce a timeslot hopping in the
transmission in which each of the at least two users has a different timeslot
hopping sequence. Furthermore, the controller may be adapted to control the
transmission of the call data over a plurality of radio frequency channels. In
addition to the timeslot hopping a frequency hopping from one radio frequency
channel to the other may be carried out. As discussed above, the controller
can be configured in such a way that during transmission the call data of
users have either the same radio frequency channel hopping sequence or that
each of said at least two users has a different radio frequency hopping

sequence.

The invention, furthermore, relates to a base station of the digital wireless
communication network that is transmitting the call data of said at least two
users. The base station comprises at least one transceiver configured to
transmit call data over at least one radio frequency channel in a sequence of a
predetermined number of timeslots. The transceiver transmits the call data as
controlled by the base station controller, i.e., the call data of each user has a

different timeslot hopping sequence.
Brief Description of the Drawings

The invention as well as a preferred mode of use, further objectives and

advantages thereof will best be understood by reference to the following
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detailed description of illustrative embodiments when read in conjunction with

the accompanying drawings, wherein

Fig. 1 shows a block diagram of a base station subsystem of a digital
wireless communication network transmitting call data over several radio
frequency channels with which timeslot hopping and radio frequency

hopping can be carried out;

Fig. 2 shows an example of a timeslot hopping of five users, each user

having a different timeslot hopping sequence;

Fig. 3 shows another embodiment of a timeslot hopping with one group
having a constant timeslot number and another group having a varying

timeslot hopping sequence;

Fig. 4 shows an embodiment of a frequency hopping with different

radio frequency channels;

Fig. 5 shows another embodiment of a radio frequency hopping;

Fig. 6 shows another embodiment of a frequency hopping; and

Fig. 7 shows simulation results of a cyclic frequency hopping over four
frequencies.

Detailed Description

In Fig. 1, a base station subsystem (BSS) of a digital wireless communication
network is shown. The BSS comprises a base station or base transceiver
station 110 transmitting call data from several mobile stations 200 to the
core network or transmitting call data from the core network to the mobile
stations 200 via antennas (not shown). The base station 110 divides the call
data in several radio frequency channels 130 using a plurality of
transceivers 115, the base station 110 comprising a controller 120
controlling the data transmission in the uplink and downlink. The controller

120 carries out instructions received from a base station controller 180, the

7



10

15

20

25

30

WO 2009/123540 PCT/SE2009/050108

base station controller being connected to e.g. a mobile switching center (not
shown). The base station 110 is controlled by the base station controller 180
that determines a timeslot hopping sequence and a frequency hopping
sequence for the call data if a frequency hopping is carried out in addition to

the timeslot hopping.

In Fig. 2, one example of timeslot hopping is shown in which each user has a
different hopping sequence. In the upper part of Fig. 2, the provision of the
data of different mobile users M1 to M5 are shown in the different timeslot
numbers. In the lower part of Fig. 2, the corresponding table is shown
explaining the timeslot sequence of the different users M1 to M5. As shown
in the upper table, the time is partitioned into TDMA frames, the TDMA
frames being partitioned into timeslots. In the example shown, eight
timeslots form a TDMA frame. In the first TDMA frame, the call data of
mobile user M3 are provided in timeslot number 3, whereas the mobile users
M2 and M5 share the second timeslot, the mobile users M1 and M4 sharing
the first timeslot. In the lower table of Fig. 2, the timeslots used for hopping
are shown in the second row, in the present embodiment, the timeslots 1, 2
and 3. In the third row of the table, a timeslot pattern is indicated, row 4,
indicating the subchannel number. In the last row, the actual timeslot
hopping sequence for the different users is shown. By way of example, the
timeslot sequence [3,1,3,1] means the use of timeslot 3, then timeslot 1,

then timeslot 3, then timeslot 1.

In the case of GSM, the timeslots allocated for hopping can be any sequence
of [1,2,3,4,5,6,7,8], since there are in total eight timeslots. The timeslot
pattern given in row 3 of the table shown in Fig. 2 may be used to determine
the actual timeslot hopping sequence. In the following, it is assumed that k
timeslots have been allocated for timeslot hopping. The timeslot pattern is a
sequence of numbers between O and k-1. Given an allocation of timeslots, it
defines the hopping sequence. In an example, if k=2 then the timeslot
pattern [0,1,0,0] means use of the first timeslot in the set of allocated

timeslots, then the second, then the first, then the first. Thus, if hopping

8
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over the timeslots [2,4], then the timeslot pattern [0,1,0,0] yield the timeslot
hopping sequence [2,4,2,2]. Similarly, when using the timeslots [7,5] then
the timeslot pattern [0,1,0,0] yields the timeslot sequence of [7,5,7,7]. In
general, in case timeslots [x,y] are used, then the timeslot pattern [0,1,0,0]
yields the timeslot sequence [x,y,x,x]. As can be deduced from the upper
table and the last row of the lower table, the timeslot hopping sequence of
each user is different. From Fig. 2 can be seen that, by way of example, in
the first frame, the call data of user M3 do not interfere with call data of
other users, whereas in the second frame, the call data of M3 interfere with
the call data of M4. In the third frame, the call data of M3, however, interfere
with the call data of M5 and so on. In the embodiment shown, the hopping
sequences are defined so that at most two users share the same timeslot at
any time instant. For all users, interference diversity is achieved as mobile
station M1 is sometimes interfered by M4, sometimes by M5 and sometimes

not interfered at all. A similar improvement can be seen for M2 to M5.

In the embodiment shown in Fig. 3, another timeslot hopping sequence is
shown. As can be seen from the two tables, the timeslot number for the first
two users, the legacy mobile users M1 and M2 stays the same. Mobile user
M1 stays in timeslot 1 whereas mobile user M2 stays in timeslot 2 over the
different frame numbers. The mobile users M3 and M4 now jump between
the different timeslots 1 and 3. As in the embodiment of Fig. 2, the users M3
and M4 have different timeslot hopping sequences, M3 starting in timeslot 1,
M1 starting in timeslot 3. This is obtained by the different timeslot patterns
of users M3 and M4. Again, frequency diversity is achieved as mobile user
M1 is sometimes interfered by mobile user M3 and sometimes by mobile
user M4, and mobile user M2 is sometimes interfered by mobile user M4 and

sometimes by mobile user M3.

The timeslot hopping as shown in Figs. 2 and 3 can now be combined with a
frequency hopping scheme shown in Figs. 4 to 6. Hopping in frequency can
be achieved by wusing different frequency hopping schemes. The

embodiments shown in Figs. 2 and 3 can now be combined with a frequency

9
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hopping scheme where all mobile users have the same frequency hopping
sequence. By way of example, in the embodiment shown in Fig. 3, M1 and
M3 are the legacy mobiles using different timeslots. In case frequency
hopping is additionally enabled, they may hop in frequency and they may
use exactly the same frequency hopping sequences. Since they are in
different timeslots, they do not interfere each other. Hence, the timeslot
hopping mobile M3 and M4 in the second subchannel will also use the same
frequency hopping sequences. In other words, this means that all four

mobile users will use exactly the same frequency hopping sequence.

Another embodiment where different users use different frequency channels

is shown in Figs. 4 to 7.

In the embodiments shown in Figs. 4 to 6, different frequency hopping
sequences are used for different users. Numerous variants are possible.
Preferably, the hopping sequences are designed so that utmost two users

hop onto the same frequency and timeslot at any time instant.

In one embodiment of the invention, this is achieved as follows: The frequency
hopping standardized for GSM (3GPP TS 45.002, “Multiplexing and multiple
access on the radio path”) is reused. The users in a cell are divided into two
sets. The users in the first set are assigned one frequency hopping sequence
(defined by a Hopping Sequence Number, HSN) and the users in the second
set are assigned a second frequency hopping sequence. All users are assigned
the same set of frequencies (e.g., defined by the Mobile Allocation, MA). Each
user is given a Mobile Allocation Index Offset, MAIO) that is unique within its

mobile set.
An example is given below.
- The frequency group consists of 9 frequencies numbered 1,2,...,9.

- 1/3 reuse is used.

- In the given cell, frequencies {1,4,7} are used (this is the MA).

10
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First, consider the case where OSC is not used. Assume that, on a given
timeslot, three mobile stations, M1, M2 and M3, are active in the cell. They are
given the parameters shown in the lower table of Fig. 4. The length of the
hopping sequences is assumed to be six. These hopping sequences are used
for illustrative purposes only and do not reflect actual hopping sequences for

GSM (3GPP TS 45.002, “Multiplexing and multiple access on the radio path”).

The basic hopping sequence corresponds to the timeslot pattern discussed in
connection with Fig. 2 in the frequency hopping sequence is calculated on the
basis of the basic hopping sequence in the same way as the timeslot hopping

sequence based on the timeslot pattern.
The frequency hopping is also illustrated in Fig. 4.

In the embodiment shown in Fig. 5, the mobile user M3 is never interfered,
whereas the other mobile users M1, M2, M4 and M5 are always interfered by

other users.

Next, consider the existing OSC solution. Assume that two more mobile
stations are present in the cell, M4 and Mb. They are assigned parameters as
shown in the lower table of Fig. 5. As in the previous example the length of the
hopping sequences is assumed to be six, and these hopping sequences are
used for illustrative purposes only and do not reflect actual hopping sequences
for GSM (3GPP TS 45.002, “Multiplexing and multiple access on the radio
path”).

It is evident that mobile stations M1 and M4 continuously use the two sub-
channels of the same channel and thereby are subject to each other’s inter-
sub-channel interference. Similarly, M2 and M5 continuously interfere each
other. M3, on the other hand, is not subject to any inter-sub-channel

interference.

Finally, consider the OSC solution with improved frequency hopping. Assume

there are still 5 mobile stations in the cell (on the considered timeslot number).

11
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These are assigned the following parameters as shown in the lower table of Fig.

6.

Also here the length of the hopping sequences is assumed to be six, and also
here these hopping sequences are used for illustrative purposes only and do
not reflect actual hopping sequences for GSM (3GPP TS 45.002, “Multiplexing

and multiple access on the radio path”).

The resulting frequency hopping is illustrated in the upper table of Fig. 6. It
can be seen that the interference diversity has improved. E.g., mobile station
M1 is sometimes interfered by M4, sometimes by M5 and sometimes not
interfered at all. A similar improvement is seen for M2. M3, which was never
subject to inter-sub-channel interference with the existing OSC solution, is
now sometimes interfered by M4 or M5. But the fairness have improved due to
the improved frequency hopping. Further, since the channel coding makes the
channel robust to a certain amount of interference, it is likely that the speech
quality on average has improved in the cell (assuming the network is well
dimensioned to handle the given load). The different examples of the frequency

hopping shown can be combined with the timeslot hopping.

In Fig. 7, simulations are shown that have been carried out using cyclic

frequency hopping over four frequencies.

Scenarios where either 8 users or 7 users are sharing 4 timeslots have been
investigated. For the case of 8 users on 4 time slots all timeslots use
MUROS, while in case of 7 users only 3 out of four time slots utilize MUROS.
The mobile stations are labeled M1 to M8.

Performance of one of the sub channels has been investigated. When
frequency hopping scheme is applied the user investigated, M1, will
cyclically be interfered by users M5, M6, M7 and M8 on the second sub
channel (M2-M4 are allocated on the first sub-channel on the remaining
frequencies). If no frequency hopping scheme is applied user M1 will always

be allocated together with M4 on one timeslot.

12
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DTX is modeled as a 2-state discrete time Markov chain where a speech
activity factor and mean speech holding time can be set. Speech activity
factor 0.6 and mean speech holding time 5 sec have been used in the

simulations.

Simulations have been carried out on a TUS3iFH channel using a DTS-2

interference scenario 3GPP TS 45.005, “Radio transmission and reception”.

Now looking at Fig. 7, it can be seen that there is a clear gain of using the
frequency hopping scheme when 8 users are multiplexed on 4 timeslots. A
gain of approximately 1 dB can be seen @ 1 % FER (curve 7a compared to

curve 7b).

If only 7 users are allocated on the 4 timeslots the gain is increased to
approximately 2 dB. User M1 is always multiplexed with M5 if no frequency
diversity is used, while M1 will be allocated alone on every 4 burst if

frequency diversity is used (curve 7a compared to curve 7c).

In DL the different MUROS branches can have different power levels due to
power control. The power difference between the branches have been
investigated at 5.4 dB (the branch with lowest power level is investigated). In
this case the gain with the diversity scheme increases even further, to 4 dB

(curve 7d compared to curve 7e).

The present invention has the advantage that interference diversity is
increased. E.g., if a user is in DTX, the reduced inter-sub-channel
interference is spread out among several other users instead of just one.
Further, in a fractionally loaded cell (i.e., less than two users per timeslot),
the link performance degradation due to sub-channel multiplexing is spread
out among more users, thereby reducing the performance loss of each

individual user.

13
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CLAIMS

1. A method for transmitting call data in a digital wireless communication
network with at least one radio frequency channel (130), said call data being
transmitted over said at least one channel in a sequence of a predetermined
number of timeslots, wherein at least two users of the network share the
same radio frequency channel and the same timeslot, wherein said call data
from said at least two users are transmitted in the network using timeslot
hopping in which each of said at least two users has a different timeslot

hopping sequence.

2. The method according to claim 1, wherein said call data of each radio
frequency channel (130) are transmitted in a sequence of frames, each frame
containing said predetermined number of timeslots, wherein the timeslot
hopping sequence indicates, for each frame of a sequence of frames, in
which timeslot within the frame the call data of a predetermined user are

provided.

3. The method according to claim 1 or 2, wherein the hopping sequence is
determined in such a way, that at most a predetermined number of users

share the same timeslot at any time instant.

4. The method according to any of the preceding claims, wherein the call
data of each user sharing the same timeslot in one radio frequency channel
are transmitted in a sub-channel that is substantially orthogonal to other

sub-channel(s) of the same timeslot.

5. The method according to any of the preceding claims, wherein a first
group of users within a predetermined radio frequency channel (130) uses a

timeslot hopping sequence with a constant timeslot number, whereas a

14
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second group of users within said predetermined radio frequency channel
has a timeslot hopping sequence with a varying timeslot number, wherein

each user of the second group has a different timeslot hopping sequence.

6. The method according to any of the preceding claims, wherein the call
data are transmitted via a plurality of radio frequency channels (130) with
different radio frequencies using frequency hopping from one radio frequency

channel to another radio frequency channel.

7. The method according to claim 6, wherein said at least two users have the

same radio frequency channel hopping sequence.

8. The method according to claim 6, wherein each of said at least two users

has a different radio frequency channel hopping sequence.

9. The method according to any of claim 6 to 8, wherein the hopping
sequences of said at least two users are designed in such a way that at most

a predetermined number of users hop onto the same frequency and timeslot.

10. A base station controller (180) of a digital wireless communication
network controlling a transmission of call data of at least two users, the
controller being configured to control the transmission of the call data of
different users over at least one radio frequency channel (130) in a sequence
of a predetermined number of timeslots in such a way that at least two users
of the network share the same radio frequency channel and the same
timeslot, wherein the controller is configured to control a transmission of the
call data in such a way that a timeslot hopping is carried out in which each

of said at least two users has a different timeslot hopping sequence.

11. The base station controller (180) according to claim 10, further being
adapted to control the transmission of the call data over a plurality of radio

frequency channels in such a way that in addition to the timeslot hopping a
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frequency hopping from one radio frequency channel to another channel is

carried out.

12. The base station controller (180) according to claim 11, wherein the
controller is adapted to control the transmission in such a way that said at

least two users have the same radio frequency channel hopping sequence.

13. The base station controller (180) according to claim 11, wherein the
controller is adapted to control the transmission in such a way that each of
said at least two users has a different radio frequency channel hopping

sequence.

14. A base station (110) of a digital wireless communication network
transmitting call data of at least two users, comprising:

at least one transceiver (115) configured to transmit call data over at least
one radio frequency channel in a sequence of a predetermined number of
timeslots, the transceiver (115) transmitting the call data of different users
in such a way that at least two users of the network share the same radio
frequency channel and the same timeslot and that each of said at least two

users has a different timeslot hopping sequence.

15. The base station (110) according to claim 14, further comprising a
plurality of transceivers (115) transmitting call data over a plurality of radio
frequency channels, wherein the transceivers (115) are adapted to transmit
the call data in such a way that in addition to the timeslot hopping a
frequency hopping from one radio frequency channel to another channel is

carried out.
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