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first radio access technology, RAT, to perform measurements on the transmissions from a
neighbouring radio cell of a different RAT. Recurrent time gaps that are available for mak-
ing the measurements are not correlated or synchronized with the recurrent times at which
L4 the desired information are transmitted by the transmitter in the second RAT. Therefore,
mapping is performed of the time gaps onto the interval at which the desired information is
transmitted. The mapping continues until a time interval is covered that ensures that the in-
formation in the recurring desired block of information can be obtained. During the map-
ping of the measurement gaps, only those time intervals that have not already been covered
L by the mapping are used for obtaining the desired information.
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NEIGHBOUR CELL MEASUREMENTS
TECHNICAL FIELD

The field of the present disclosure is that of measuring signals in an environment with

radio cells belonging to different cellular radio access technologies.

BACKGROUND

In current mobile communication devices, such as mobile telephones, an important
feature is that of being able to communicate in different communication networks. That is,
the hardware and software of the devices need to support multiple radio access
technologies, such as the third generation partnership project, 3GPP, Global System for
Mobile Communications, GSM, Wideband Code Division Multiple Access, WCDMA, Long
Term Evolution, LTE and the Chinese Time Division Synchronous Code Division Multiple
Access, TD-SCDMA, systems. A consequence of this is that neighbor cell measurements
have to be done across all the supported radio access technologies. Neighbor cell
measurement is a procedure that takes place when a mobile communication device is
camped on a cell (i.e. in connection with a radio base station that maintains a radio cell)
using a particular radio access technology (WCDMA for instance) and is in a connected
mode, it needs to create time gaps in its radio signal reception process, in order to create
measurement occasions for neighbor cells (i.e. cells that are geographically adjacent or
even overlapping the cell on which the mobile communication device is camped) which
belong to other radio access technologies like LTE or GSM. These measurement
occasions (or gaps) have to be shared (i.e. gaps created by one RAT is a common
resource to be used to measure neighbor cells of all other RATs) such that measurement

reporting deadlines are met for all the cells in the neighbor cell list of the mobile.

When a mobile is camped on a WCDMA cell, then the measurement gaps are created
and published (i.e. made available for sharing) by controlling entities in the network with a
specific purpose. For example, a gap needs to be used for GSM received signal strength
indicator, RSSI, measurements or base station identity code, BSIC, Identification or BSIC
Reconfirmation). In such a situation, the mobile communication device has to just use the
measurement gaps with the purpose specified by the network and it is expected that
measurement reporting deadlines will be met. But, when the mobile is camped on an LTE
cell, the measurement gaps are published without any specific purpose. So the mobile
phone needs to implement logic to effectively use the published gaps such that all its

measurement deadlines are met.
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Moreover, LTE also has a discontinuous reception, DRX, and a non DRX mode of
operation for saving power drained from the power source of the device. The deadline for
sending the periodic measurement reports to the LTE network is different for the two
modes. The mobile communication device can alternate between the DRX and non DRX
modes very dynamically and, as a consequence of this, the deadline becomes
ambiguous. Furthermore, GSM being a time division multiple access, TDMA, based
system, the measurements like BSIC reconfirmations have to be done at specific
instances and a measurement gap at any instance is therefore not useful. For BSIC
identification the timing of the cell is unknown and a continuous time of 97 GSM slots (or
57 milliseconds) is needed for a guaranteed detection of a signal that carries the BSIC.
But since measurement gaps published by LTE cells are much shorter duration (in fact

the duration of the LTE gaps are 6 milliseconds) the detection becomes unpredictable.

SUMMARY

In order to mitigate at least some of the drawbacks as discussed above, there is provided
in a first aspect a method in a user equipment, UE. The UE is connected to a first radio
access network, RAN and the method is for obtaining a block of information, FS,
transmitted by a transmitter in a second RAN, to which second RAN the UE is not
connected. The FS has a duration DTFS and is repeatedly transmitted every T1 time units
and an idle block having a duration DTID is transmitted every T2 time units, where T2 is
greater than T1. The method comprises a repeated mapping process of:

- obtaining timing information for a measurement interval that specifies a point in
time, GAPT, and a duration, GAPD, for the measurement interval, during which
measurement interval reception of information from the second RAN can be performed,

- calculating a first mapping of GAPT and GAPD onto a first interval said first
interval starting at zero and having a duration of T2 time units,

- calculating, based on the first mapping, an interval DTME1 that is not overlapping
with a previously recorded DTME1, and if DTME1 is greater than zero:

- recording DTME1,
- receiving information from the second RAN during DTME1, and
- storing the received information in a first measurement buffer;

- repeating the mapping process until the aggregated recordings of DTME1 span
the interval [0, T3], where T3 is T1 plus DTFS.

After this repeated mapping process, the FS is obtained from the first measurement
buffer.
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In a second aspect there is provided a method in a user equipment, UE. The UE is
connected to a first radio access network, RAN and the method is for obtaining a block of
information, FS, transmitted by a transmitter in a second RAN, to which second RAN the
UE is not connected. The FS has a duration DTFS and is repeatedly transmitted every T1
time units and an idle block having a duration DTID is transmitted every T2 time units,
where T2 is greater than T1. The method comprises a repeated mapping process of:

- obtaining timing information for a measurement interval that specifies a point in
time, GAPT, and a duration, GAPD, for the measurement interval, during which
measurement interval reception of information from the second RAN can be performed,

- calculating a first mapping of GAPT and GAPD onto a first interval, said first
interval starting at zero and having a duration of T2 time units,

- calculating a second mapping of GAPT and GAPD onto a second interval said
second interval starting at zero and having a duration of T3 time units, where T3 is T1
plus DTFS,

- calculating, based on the second mapping, an interval DTMEZ2 that is not
overlapping with a previously recorded DTME2, and if DTMEZ2 is greater than zero:

- recording DTME2,

- receiving information from the second RAN during DTMEZ2, and

- storing the received information in a second measurement buffer;

- calculating a third mapping of GAPT and GAPD onto a third interval said third
interval starting at DTID and having a duration of T3 time units, where T3 is T1 plus
DTFS,

- calculating, based on the third mapping, an interval DTME3 that is not
overlapping with a previously recorded DTME3, and if DTMES is greater than zero:

- recording DTME3,

- receiving information from the second RAN during DTME3, and

- storing the received information in a third measurement buffer;

- repeating the mapping processes until the aggregated recordings of DTME2
spans the second interval and until the aggregated recordings of DTME3 spans the third
interval.

After this repeated mapping process, the FS is obtained from any of the second

measurement buffer and the third measurement buffer.

In other words, these aspects provide an efficient way for a user equipment, camping on a
cell of a first radio access technology, RAT, to perform measurements on the

transmissions from a neighbouring radio cell of a different RAT.
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Specifically, the recurrent time gaps that are available for making the measurements, i.e.
the timing information that is obtained in the obtaining step, are not correlated or
synchronized with the recurrent times at which the desired information, i.e. the block of
information, are transmitted by the transmitter in the second RAT. Therefore, a mapping is
performed of the time gaps onto the interval at which the desired information is
transmitted. The mapping continues until a time interval is covered that ensures that the
information in the recurring desired block of information can be obtained. During the
mapping of the measurement gaps, only those time intervals that have not already been
covered by the mapping are used for obtaining the desired information. This is ensured by

the step of recording non-overlapping parts of the mapped measurement gaps.

Moreover, with regard to the second aspect, the second mapping is an optimization of the
first mapping, which exploits the periodicity of T1 in FS. Moreover, an extra complexity is
introduced by a transmission in the second RAN of an idle block having a recurrence
interval that is different than that of the recurrence interval of the desired information.
Such transmission of an idle block introduces an ambiguity with respect to the mapping
process that is dealt with by applying the third mapping processes in addition to the first
and second mappings summarized above. A second and a third mapping process is used,
one of which assumes that a transmission of an idle block has not occurred since the
previous available measurement gap, and one of which assumes that a transmission of
an idle block has occurred since the previous available measurement gap. As for the
single mapping aspect summarized above, only those time intervals that have not already
been covered by the mappings are used for obtaining the desired information. This is

ensured by the steps of recording non-overlapping parts of the mapped measurement

gaps.

The measurement gaps published, i.e. made available, in the cell of the first RAT is used
efficiently for obtaining the desired information from the neighbouring cell(s) of the second
RAT. A measurement gap is used only if it coincides with an unseen portion of the
recurrence interval in which the desired information is transmitted by the second RAN and
hence avoids using the same portion of the interval more than once which is a waste as
the second RAN cell was not found there earlier. The search for a new cell can be aborted
when a continuous interval in which the desired information is transmitted by the second
RAN is seen and this is more efficient than using prior art solutions, such as the abort time

specified in the specification of LTE.
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Further aspects include apparatuses and a computer program product that, together with
their technical effects and advantages, correspond to the above summarized first and

second aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 schematically illustrates two radio access networks and a user equipment,
figure 2 schematically illustrates a user equipment,

figures 3 and 4 are flow charts of methods,

figure 5 schematically illustrates a traffic and control frame structure in a GSM network,
figure 6 schematically illustrates timing of measurement gaps in a LTE network,

figure 7 schematically illustrates a first mapping process,

figure 8 schematically illustrates a second and a third mapping process, and

figures 9a-d illustrate a flow chart of a method.
DETAILED DESCRIPTION

Figure 1 illustrates a situation where a user equipment, UE, 110 is located such that it is
capable of receiving radio signals from a first radio access network, RAN, in the form of a
3GPP LTE network and also capable of receiving radio signals from a second RAN in the
form of a 3GPP GSM network. A LTE radio cell 102 is maintained by a first radio
basestation, or eNodeB, 106 and a GSM radio cell 104 is maintained by a second radio
base station 108. The UE 110 is connected to the first RAN and, as will be described in
detail in the following, it is configured such that it desires to obtain information about the
second cell 104 of the second RAN in order to enable a decision of whether or not to
disconnect from the first RAN and continue connection with the second RAN. In other
words, the UE 110 is in a situation where it is to decide whether or not to perform a so-

called inter system handover between the two RANs.

As will be evident from the following detailed description, figure 1 will form the backdrop
for the exemplifying embodiments. However, it is to be noted that, although figure 1
illustrates only a LTE RAN and a GSM RAN, the skilled person will be able to adapt and
modify the methods to be described in order to practice them in situations involving other
types of radio access networks, such as wideband code division multiple access,
WCDMA, and time division synchronous code division multiple access, TD-SCDMA

networks.
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Figure 2 is a block diagram that schematically illustrates a user equipment, UE, 210. The
UE 210 can correspond to the terminal 110 in figure 1. The UE 210 comprises a
processor 212, a memory 214, radio frequency, RF, receiving and transmitting circuitry
216 and an antenna 222. Radio communication via the antenna 222 is realized by the RF
circuitry 216 controlled by the processor 212, as the skilled person will understand. The
processor 212 makes use of software instructions 215 stored in the memory 214 in order
to control all functions of the terminal 210, including the functions to be described in detail
below with regard to obtaining measurements from a second RAN while being connected
to a first RAN. In other words, at least the RF circuitry 216, the processor 212 and the
memory 214 form parts of control and communication circuitry that is configured to
obtaining measurements as summarized above and described in detail below. Further
details regarding how these units operate in order to perform normal functions within a
RAN, such as cells 102 and 104 of the respective the RANs in figure 1, are outside the

scope of the present disclosure and are therefore not discussed further.

Turning now to figures 3 and 4, and with continued reference to the previous figures,
methods in a UE involving obtaining measurements from a second RAN while being

connected to a first RAN will be described in some more detail.

Figure 3 describes a method in a user equipment, UE. The UE is connected to a first radio
access network, RAN and the method is for obtaining a block of information, FS,
transmitted by a transmitter in a second RAN, to which second RAN the UE is not
connected. The FS has a duration DTFS and is repeatedly transmitted every T1 time units
and an idle block having a duration DTID is transmitted every T2 time units, where T2 is
greater than T1. The method comprises a repeated mapping process of a number of
steps. Timing information is obtained, in an obtaining step 302, for a measurement
interval that specifies a point in time, GAPT, and a duration, GAPD, for the measurement
interval, during which measurement interval reception of information from the second RAN
can be performed. A mapping process is then performed, as represented by a mapping
step 304. The mapping process comprises calculation of a first mapping of GAPT and
GAPD onto a first interval said first interval starting at zero and having a duration of T2
time units. Based on the first mapping, an interval DTME1 is calculated that is not
overlapping with a previously recorded DTME1. If DTME1 is greater than zero, DTME1 is
recorded and information from the second RAN is received during DTME. The received
information is stored in a first measurement buffer, whereupon the mapping process is

repeated until the aggregated recordings of DTME1 span the interval [0, T3], where T3 is
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T1 plus DTFS. After this repeated mapping process, the FS is obtained, in an obtaining

step 306, from the first measurement buffer.

Figure 4 illustrates a method similar to the method in figure 3, further optimized with a
second mapping to exploit the periodicity of T1 and with the added capability of handling
an extra complexity that is introduced by a transmission in the second RAN of an idle
block having a recurrence interval that is different than that of the recurrence interval of
the desired information. As mentioned above, such transmission of an idle block
introduces an ambiguity with respect to the mapping process that is dealt with by applying

a third mapping processes in addition to the first and second mapping processes.

Hence, the method in figure 4 is a method in a user equipment, UE. The UE is connected
to a first radio access network, RAN and the method is for obtaining a block of
information, FS, transmitted by a transmitter in a second RAN, to which second RAN the
UE is not connected. The FS has a duration DTFS and is repeatedly transmitted every T1
time units and an idle block having a duration DTID is transmitted every T2 time units,

where T2 is greater than T1.
The method comprises a repeated mapping process of a number of steps.

Timing information is obtained, in an obtaining step 402, for a measurement interval that
specifies a point in time, GAPT, and a duration, GAPD, for the measurement interval,
during which measurement interval reception of information from the second RAN can be

performed.

A first mapping process is then performed, as represented by a mapping step 404. The
first mapping process comprises calculating a first mapping of GAPT and GAPD onto a

first interval, said first interval starting at zero and having a duration of T2 time units.

A second mapping process is then performed, as represented by a second mapping step
406. The second mapping step 406 comprises calculation of a second mapping of GAPT
and GAPD onto a second interval said second interval starting at zero and having a
duration of T3 time units, where T3 is T1 plus DTFS. Based on the second mapping, an
interval DTMEZ2 is calculated that is not overlapping with a previously recorded DTME2. If
DTMEZ2 is greater than zero, DTMEZ is recorded and information from the second RAN is
received during DTMEZ2. The received information is stored in a second measurement
buffer.
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A third mapping process is then performed, as represented by a third mapping step 408.
The third mapping step 408 comprises calculating a third mapping of GAPT and GAPD
onto a third interval said third interval starting at DTID and having a duration of T3 time
units, where T3 is T1 plus DTFS. Based on the third mapping, an interval DTMES3 is
calculated that is not overlapping with a previously recorded DTMES3. If DTMES is greater
than zero, DTME3 is recorded and information from the second RAN is received during

DTME3. The received information is stored in a third measurement buffer.

The mapping processes are repeated until the aggregated recordings of DTME2 spans
the second interval and until the aggregated recordings of DTME3 spans the third interval.
After this repeated mapping process, the FS is obtained, in an obtaining step 410, from

any of the second measurement buffer and the third measurement buffer.

In some embodiments, the obtaining of timing information for a measurement interval in
the obtaining steps 302, 402 can comprise receiving the timing information from the first
RAN.

In some embodiments, the obtaining of the FS in the obtaining steps 306, 410 can

comprise obtaining an identifier associated with the transmitter in the second RAN.

In some embodiments, the first RAN is a 3GPP LTE, network and the second RAN is a
GSM network, and the FS comprises information regarding an identity of a GSM base
station transmitting in the second RAN. In such embodiments, the obtaining of timing
information for a measurement interval can comprise obtaining timing information for a

discontinuous reception, DRX, mode and a non-DRX mode.

In some embodiments, the first RAN is a 3GPP WCDMA, network and the second RAN is
a GSM network, and the FS comprises information regarding an identity of a GSM base
station transmitting in the second RAN. In such embodiments, the obtaining of timing
information for a measurement interval can comprise receiving the timing information from
the WCDMA network.

In some embodiments, the first RAN is a TD-SCDMA, network and the second RAN is a
GSM network, and the FS comprises information regarding an identity of a GSM base
station transmitting in the second RAN. In such embodiments, the obtaining of timing
information for a measurement interval can comprise receiving the timing information from
the TD-SCDMA network.
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Turning now to figures 5 to 9, embodiments involving a first RAN in the form of a 3GPP
LTE network and a second RAN in the form of a GSM network will be described. As such,
these embodiments will be based on the following timing data:

-T1is 10 GSM TDMA, frames,

- DTFS is 1 GSM TDMA frame plus 1 GSM time slot,

-T2 is 51 GSM TDMA frames,

- DTID is 1 GSM TDMA frame,

- GAPD is 6 milliseconds, and, in case the UE is in a non-discontinuous
transmission mode, non-DRX, or in a non-DRX mode,

- GAPT is an integer multiple of any of 40 milliseconds and 80 milliseconds.

In short, the embodiments to be described will illustrate measurement gaps that are used
for searching for and obtaining a radio base station identification code, BSIC. It will be
exemplified how to effectively “see” 12 continuous frames (96 slots = 55.4 millisecond) of
the GSM 51-control frame structure (e.g. as described in 3GPP TS 45.002. The gaps
published by an LTE cell, i.e. the gaps available to obtain the GSM BSIC, are 6
milliseconds wide and can be 40 or 80 milliseconds apart in case the UE operates in a
non DRX mode. In cases where the UE operates in DRX mode, the gaps are still 6
milliseconds wide but can be much sparser. For every gap which is utilized for BSIC
Identification, it is marked (i.e. recorded) as seen on a 51 TDMA GSM control frame. The
search for the new cell is continued till we see 12 continuous frames. Also if a gap
provided is already marked as seen then this can be used for some other purpose thus

avoiding duplication or ineffective usage of measurement gaps.

The GSM 26-frame traffic and 51-frame control is shown in figure 5. In the 51-frame
control structure also it can be seen that the frequency correction channel, FCH, (denoted
F) and the synchronization channel, SCH (denoted S) frames repeat after every 10"
frame and there is an IDLE (1) frame at the 51° frame. It is to be noted that the FCH and
SCH channels occur in the first slot of the respective TDMA frames, while the IDLE frame
is for the full TDMA frame duration. So if a continuous time period of 11 frames + 1 slot
are seen, at least one FCH slot will be seen (as highlighted by the hashed area in figure 5,
simplified for better clarity in that 12 frames are hashed). That is, for detecting FCH a
continuous 11 frames + 1 slot needs to be seen. If FCH is found then SCH should be
present in the subsequent frame. Since 26 and 51 are relative prime numbers, the control
frame slips by 1 TDMA frame every 52-TDMA frames (or two 26-frame traffic structure).

So if every alternate IDLE frames is seen 12 times then at least one FCH slot will be seen.
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This works well when the UE is camped on a GSM cell and is searching for other GSM

cells.

However, LTE cells provide measurement gap patterns which are 6 milliseconds wide and
can be 40 or 80 milliseconds apart as shown in figure 6. These gaps are then used for
measurements for all neighbour cells and it is not guaranteed that GSM measurements
can get a continuous set of gaps for a predictable detection of new GSM cells. The GSM
neighbour cell measurements include the following (as specified in 3GPP TS 45.002 and
3GPP 45.008):

1) Received signal strength indication, RSSI, measurements of all cells in the
neighbour cell list (up to 32 neighbouring cells).

2) BSIC Reconfirmation (decoding SCH channel) of the top 8 neighbour cell whose
timing is already known.

3) BSIC identification (decoding FCH and SCH) of a new cell in the top 8 list or

determine the cell timing.

RSSI measurements can be done at any instant as it is only necessary to measure signal
power on a channel and it is not necessary to decode anything. BSIC reconfirmation
(SCH decoding) needs to be done at specific instances when they occur. So they can be
done only when the measurement gaps provided align with the particular neighbour cell
SCH. Since the timing of the cells are already known it is only necessary to check if the
gaps are aligned with any of the top 8 neighbour's SCH before the gap is used to obtain
data for the measurement. However a challenging task is to identify a new cell in the top 8
list (i.e. decode FCH), which needs a continuous period of 12 GSM frames of 55.4
milliseconds for a guaranteed detection. Since the gaps provided are much smaller and
occur irregularly, it then becomes necessary to mark up the gaps against a 51-frame GSM
structure to track what is already seen and use a gap if it has not yet been seen on the 51
frame structure. This enables an efficient usage of gaps so that deadlines for
measurements can be met for all the neighbouring cells. This will be described in the

following paragraphs.

Figure 7 shows the GSM 51 control frames against an 80 milliseconds gap pattern of LTE.
Itis to be noted that the GSM frame need not be aligned with the gap pattern; in the
sense the first F frame may have an offset with the first gap used for F search. A mapping
process is then performed where, as a first procedure, a notation is made of the time

stamp of the first gap which is used for identification of the new cell. With reference to the
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time stamp of the first gap, the time stamp of every subsequent gap used for BSIC
identification is marked modulo 51. As an illustration, seeing gap no 5 in the second 51
frame is same as seeing region Y in the first 51 multi-frame and seeing gap number 7 in
the third multi-frame is same as seeing region X in the first multi-frame. If a continuous 12
frame region is seen covered within the 51 frame then it is ensured that at least one F is
present. That is, 11 frames + 1 slot for FCH and 12 frames + 1 slot for FCH+SCH.

However, for ease of illustration in figure 7, 12 frames are considered.

Searching for a continuous 12 frames within 51 frames can be a bit complex and more
time consuming and hence a further optimization of the mapping can be performed as a
second procedure as shown in figure 8. Such an optimization is basically exploiting the 10
frame periodicity of the F and S frames within the 51-control frame structure. As can be
seen after the “first procedure” (as described above) the marked region can be anywhere
in the range of “0-50 TDMA frame (or modulo 51). In the “second procedure” it is further
reduced to a “range of 0-11” using the following algorithm. The “second procedure” is
basically performing “modulo 10 over a range of 12 frames”. The number 10 is because
the periodicity of F and S is 10 frames and number 12 is because it is desired to
effectively see a continuous 12 frames of the 51 control frame structure. Now due to the
IDLE frame at the end of 51-frame structure, the 10 frame periodicity is broken and there
is an ambiguity of one frame when bringing it to range of 0-11, depending on whether the
51-frame boundary is crossed or not. To resolve this ambiguity, the second procedure has
two parts. In one part it is assumed that the 51-frame boundary was not crossed and the
frame is mapped to the range of 0-11. In the second part it is assumed that the 51-frame

boundary was crossed and then the frame is mapped to the range of 0-11

When a measurement gap is made available, i.e. published, it is checked if the region is
already seen by both methods. The logic of such a method, which implements a three
stage mapping procedure as summarized above, is illustrated in the flow chart of figure 9

and the steps of the method are as follows.

e Start marking the frames relative to the first gap (step 901 in figure 9).
e Procedure 1 [Modulo-51] —i.e. a first mapping:
o Every subsequent gap — convert time to frame number modulo 51 starting
from first marked gap. That is, convert to time range [0-51] frames or
235.36 ms. (Step 902 in figure 9.)
e Procedure 2 [Modulo 10 over 12 frames] (steps 903-912 and 914-923 in figure 9).
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o After doing the Modulo-51 mapping, do modulo 10 as a second and third
mapping (steps 903-912 and 914-923 in figure 9).

e To resolve ambiguity of IDLE frame, maintain modulo 10 for both cases

IF the frame number is [0 — 11] — Subtract 0/1 and mark frame 1/
frame 2. That is, if the time range is [0-11] frames or [0-55.4] ms,
subtract 0 or 4.615 ms. (Steps 903, 913, 930, 931 and 903, 914,
924-926 in figure 9.)
IF the frame number is [12-23] — Subtract 10/11. That is, if the time
range is [12-23] frames or [55.4-110.8] ms, subtract 46.15 or 50.76
ms. (Steps 904, 905, 915, 916 in figure 9.)
e |F the frame number > 11 Subtract 10 and mark frame 1/
frame 2. That is, if the time range is >55.4 ms, subtract
46.15 ms. (Steps 911, 912, 922, 923 in figure 9.)
IF the frame number is [24-35] — Subtract 20/21. That is, if the time
range is [24-35] frames or [110.8-166.2] ms, subtract 92.3 or 96.91
ms. (Steps 906, 907, 917, 918 in figure 9.)
e |F the frame number > 11 Subtract 10 and mark frame 1/
frame 2. That is, if the time range is >55.4 ms, subtract
46.15 ms. (Steps 911, 912, 922, 923 in figure 9.)
IF the frame number is [36-47] — Subtract 30/31. That is, if the time
range is [36-47] frames or [166.2-221.6] ms, subtract 138.45 or
143.06 ms. (Steps 908, 909, 919, 920 in figure 9.)
e |F the frame number > 11 Subtract 10 and mark frame 1/
frame 2. That is, if the time range is >55.4 ms, subtract
46.15 ms. (Steps 911, 912, 922, 923 in figure 9.)
IF the frame number is [48-50] — Subtract 40/41 and mark frame 1/
frame 2. That is, if the time range is [48-50] frames or [221.6-
235.36] ms, subtract 184.6 or 189.25 ms. (Steps 910, 921 in figure
9.)

e Use a gap, i.e. record (e.g. in a buffer) information from the transmission by the

second RAN, only when the gap is marked as unseen in either Frame-1 or Frame-
2 or both (steps 925, 926, 930, 931 in figure 9).
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e STOP only when both frame-1 and frame-2 is fully marked as seen or the cell is
found — whichever is earlier (steps 927, 928, 929, 932, 933, 934 in figure 9). At this
point, the desired information can be read from the buffer.

After the first mapping, if, for example: the value is 22 (or 23), then after subtracting 10,

5 the value still exceeds the range [0-11]. Hence, 10 is again subtracted. Note that for the
second subtraction the value used is always 10 (basically performing modulo 10
operation) for marking both frame-1 and frame-2.
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CLAIMS

1. A method in a user equipment, UE, (110, 210) connected to a first radio access
network, RAN, for obtaining a block of information, FS, transmitted by a transmitter in a
second RAN, to which second RAN the UE is not connected, wherein:

- the FS has a duration DTFS and is repeatedly transmitted every T1 time units,

- an idle block having a duration DTID is transmitted every T2 time units, where T2
is greater than T1,
the method comprising a repeated mapping process of:

- obtaining (302) timing information for a measurement interval that specifies a
point in time, GAPT, and a duration, GAPD, for the measurement interval, during which
measurement interval reception of information from the second RAN can be performed,

- calculating (304) a first mapping of GAPT and GAPD onto a first interval said first
interval starting at zero and having a duration of T2 time units,

- calculating (304), based on the first mapping, an interval DTME1 that is not
overlapping with a previously recorded DTME1, and if DTME1 is greater than zero:

- recording DTME1,
- receiving information from the second RAN during DTME1, and
- storing the received information in a first measurement buffer;

- repeating the mapping process until the aggregated recordings of DTME1 span

the interval [0, T3], where T3 is T1 plus DTFS, and then:

- obtaining (306) the FS from the first measurement buffer.

2. A method in a user equipment, UE, (110, 210) connected to a first radio access
network, RAN, for obtaining a block of information, FS, transmitted by a transmitter in a
second RAN, to which second RAN the UE is not connected, wherein:

- the FS has a duration DTFS and is repeatedly transmitted every T1 time units,

- an idle block having a duration DTID is transmitted every T2 time units, where T2
is greater than T1,
the method comprising a repeated mapping process comprising:

- obtaining (402) timing information for a measurement interval that specifies a
point in time, GAPT, and a duration, GAPD, for the measurement interval, during which
measurement interval reception of information from the second RAN can be performed,

- calculating (404) a first mapping of GAPT and GAPD onto a first interval, said
first interval starting at zero and having a duration of T2 time units,

- calculating (406) a second mapping of GAPT and GAPD onto a second interval
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said second interval starting at zero and having a duration of T3 time units, where T3 is
T1 plus DTFS,

- calculating (408), based on the second mapping, an interval DTME2 that
is not overlapping with a previously recorded DTMEZ2, and if DTMEZ2 is greater than zero:

- recording DTME2,

- receiving information from the second RAN during DTME2, and

- storing the received information in a second measurement buffer;

- calculating a third mapping of GAPT and GAPD onto a third interval said third
interval starting at DTID and having a duration of T3 time units, where T3 is T1 plus
DTFS,

- calculating (408), based on the third mapping, an interval DTME3 that is
not overlapping with a previously recorded DTME3, and if DTME3 is greater than zero:

- recording DTME3,

- receiving information from the second RAN during DTME3, and

- storing the received information in a third measurement buffer;

- repeating the mapping processes until the aggregated recordings of DTME2
spans the second interval and until the aggregated recordings of DTME3 spans the third
interval, and then:

- obtaining (410) the FS from any of the second measurement buffer and the third

measurement buffer.

3. The method of claim 1 or 2, wherein the obtaining of timing information for a

measurement interval comprises receiving the timing information from the first RAN.

4. The method of any of claims 1 to 3, wherein the obtaining of the FS comprises

obtaining an identifier associated with the transmitter in the second RAN.

5. The method of any of claims 1 to 4, wherein the first RAN is a 3rd generation
partnership project, 3GPP, long term evolution, LTE, network and the second RAN is a
global system for mobile communications, GSM, network, and the FS comprises

information regarding an identity of a GSM base station transmitting in the second RAN.

6. The method of claim 5, wherein the obtaining of timing information for a measurement
interval comprises obtaining timing information for a discontinuous reception, DRX, mode

and a non-DRX mode.
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7. The method of any of claims 1 to 4, wherein the first RAN is a 3rd generation
partnership project, 3GPP, wideband code division multiple access, WCDMA, network
and the second RAN is a global system for mobile communications, GSM, network, and
the FS comprises information regarding an identity of a GSM base station transmitting in
the second RAN.

8. The method of claim 7, wherein the obtaining of timing information for a measurement

interval comprises receiving the timing information from the WCDMA network.

9. The method of any of claims 1 to 4, wherein the first RAN is a time division
synchronous code division multiple access, TD-SCDMA, network and the second RAN is
a global system for mobile communications, GSM, network, and the FS comprises

information regarding an identity of a GSM base station transmitting in the second RAN.

10. The method of claim 9, wherein the obtaining of timing information for a measurement

interval comprises receiving the timing information from the TD-SCDMA network.

11. The method of any of claims 5 to 6, wherein:
- T1is 10 GSM time division multiple access, TDMA, frames,
- DTFS is 1 GSM TDMA frame plus 1 GSM time slot,
-T2 is 51 GSM TDMA frames,
-DTID is 1 GSM TDMA frame, and
- GAPD is 6 milliseconds.

12. The method of claim 11, wherein:

- GAPT is an integer multiple of any of 40 milliseconds and 80 milliseconds.

13. An apparatus (110, 210) comprising communication and control circuitry configured to

perform the method of any of claims 1 to 12.

14. A computer program product comprising software instructions that, when executed in

a processor, performs the method of any of claims 1 to 12.



WO 2014/083100

PCT/EP2013/074960

lllllll

llllllll

RF

PROC

MEM

)
214

Fig. 2

p,
215

212

210



WO 2014/083100

BEGIN

302+

OBTAIN
GAP TIMING
INFORMATION

l

304 \J

MAPPING
OF GAPS

l

306 M\

OBTAIN
MEASUREMENTS

END

Fig. 3

PCT/EP2013/074960

BEGIN

402

OBTAIN
GAP TIMING
INFORMATION

l

404 —\

FIRST
MAPPING
OF GAPS

'

406 M\

SECOND
MAPPING
OF GAPS

'

408 M\

THIRD
MAPPING
OF GAPS

l

410 N\

OBTAIN
MEASUREMENTS

END

Fig. 4



PCT/EP2013/074960

3/9

WO 2014/083100

9 ‘b14
< SW0g ?
- €« - «
sw 9 sw 9
- &
Sw 9
G ‘b4
e A
i swel) YINaL ¢G Asns ul S
i awell YINQL | Ag sdijs swel |01U0) I (jo13u0D) sweld |G
SE SH SH sH SH| ISP S SH sH SH SH
! i
_ B I B I S| I S|

(oed]) sweuq 9z



PCT/EP2013/074960

WO 2014/083100

4/9

. 'bi4

_ _
_ _
| X X] |
_ _

beietetatitesetifBlietetetetataiasls

Lesettetend9

R R e R e Reeieed] |

[SH|

[SH|

[SH|

SEl

SE

[SH

[SH|

SH BH SHT  SE [Sd [SE [SH [15H]

| B
k ksl
sweld-1g 19S1O




PCT/EP2013/074960

WO 2014/083100

5/9

payJew -61
Aliny e y1oq § P4
usym dols
|
¢-dweld ¢ Ly- L€~ X% L1- _ L- passoJo s| Alepunog awe.y
| - l | | 11
0587 p-9¢ cepe P 110 37| Usym aouaJayip swel) suQ
|
10~ 0¢- 0cZ- 0L~
1 —— — — — — — — — — — — — — — — i I I I ]
|-sweld 106-8Y  L¥-9¢ Ge-v¢ €ccl LL-0
|
" pPasso.d 1ou sI Asepunog sweld 37Q|
“
|
|
SEIl [SH| [SH| [SH| [SH| [SH|I] SEl [SH| [SH| [SH| [SH|

|
Alepunog awel4 37q|



WO 2014/083100

6/9
901

Start Reference Time I~
with First Gap used
for BSIC Identification

902
/_/

Subsequent Gap
Gap Start = Gap start Mod 51-Frame

PCT/EP2013/074960

Gap End = Gap Start +Length
Gap Range = [Gap start - Gap End]

903

Gap Range =
[0-11] TDMA

Frame

904

Gap Range =

[12-23] TDMA Subtract 10

Gap Range =

[24-35] TDMA Subtract 20

905

907

Gap Range =
[0-11] TDMA
Frame

Subtract 10

911

OXOIO

909
Gap Range = ~
[36-47] TDMA Subtract 30
Frame
,J
Subtract 40

Fig. 9a




WO 2014/083100

Gap Range =
[12-23] TDMA

Gap Range =
[24-35] TDMA

[36-47] TDMA
Frame

PCT/EP2013/074960

7/9
916
,-/
Subtract 11 N f_/914
Subtract 1
r~’918 922
Subtract 21
Gap Range =
[0-11] TDMA
Frame (
920
e
Subtract 31
Subtract 10 ———
921
/-./
Subtract 41
924
1~
Compare Gap
Range with
Frame 2

Fig. 9b




WO 2014/083100 PCT/EP2013/074960

8/9

Gap Range overlap with
‘seen” portion of Frame 27

Use Gap for
BSIC
Identifcation.
Mark Gap
duration as
“seen” in
Frame 2

Frame 2 fully Y H
marked as,s,y

N
929

Both Frame 1 and
Frame 2 fully marked as

Fig. 9¢c



WO 2014/083100

934

Stop Search and

obtain desired data

PCT/EP2013/074960

9/9

913
/-./

Compare Gap
Range with
Frame 1

930

Does Gap Range
overlap with “seen” portion
of Frame 1?

Use Gap for BSIC
Identifcation.
Mark Gap duration as
“seen” in Frame 1

932

Gap Found?

Y

N

Frame 1 fully

marked as seen?

offe

Fig. 9d



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/074960

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W36/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HOAW

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2012/087360 Al (QUALCOMM INC [US]; CHIN
TOM [US]; SHI GUANGMING [US]; LEE KUO-CHUN

1-14

abstract
paragraphs [0001],
[0038] - [0047]
claims 1-72
figures 8,9

[0004] -

TOM [US]; SHI GUANGMING [US];

abstract

paragraphs [0003], [0005],
[0008], [0037] - [0043]
claims 1-32

[US) 28 June 2012 (2012-06-28)

WO 2011/090496 Al (QUALCOMM INC [US]; CHIN
[US) 28 July 2011 (2011-07-28)

[0011],

1-14
LEE KUO-CHUN

[0006] ,

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

22 January 2014

Date of mailing of the international search report

29/01/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Manuel, Grégory

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2013/074960
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2007/037601 Al (MITTAL MUKESH K [US] ET 1-14
AL) 15 February 2007 (2007-02-15)
abstract

paragraphs [0003] - [0010], [0026],
[0030], [0034] - [0047], [0073] - [0074]
claims 1-22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2013/074960
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2012087360 Al 28-06-2012 CN 102572734 A 11-07-2012
TW 201228420 A 01-07-2012
US 2012163346 Al 28-06-2012
WO 2012087360 Al 28-06-2012
WO 2011090496 Al 28-07-2011 US 2013201963 Al 08-08-2013
WO 2011090496 Al 28-07-2011
US 2007037601 Al 15-02-2007 AT 4908288 T 15-02-2011
BR PI0614753 A2 12-04-2011
CA 2618525 Al 22-02-2007
CN 101283619 A 08-10-2008
EP 1913791 A2 23-04-2008
JP 4806022 B2 02-11-2011
JP 2009505519 A 05-02-2009
KR 20080035693 A 23-04-2008
US 2007037601 Al 15-02-2007
WO 2007022127 A2 22-02-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

