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(57) ABSTRACT 

InterSystem connection handover is based on transmission 
quality of a first radio communication system to a base 
station as determined by a subscriber station. If the trans 
mission quality is lower than a threshold value, a transmis 
sion quality determination routine to a base station of the 
second radio communication system is triggered. The deter 
mination routine is continued until a criterion separate from 
the threshold is fulfilled. 
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FIG 2 

Table 1: Radio subsystern connection control parameters 

MS TXPWR MAX CCH The maximum TX transmit 
power which can be used 
by an MS in a system 
access before it is 

controlled by the other 
end 

POWER OFFSET The power offset is 
determined in 

conjunction with the MS 
TXPWR MAX CCH parameter 
by the class 3 DCS 1 

800 MS: 

is 0 dB 
= 2 dB 

= 4 dB 

as 6 dB 

RXLEV ACCESS MIN Minimum required 
received signal level 
at the MS for the 

systern access 
RADIO LINK TIMEOUT The maximum value of BCCH D/L 

the radio link timeout 

4-54 SACCH blocks, SACCH DAL 
15 steps of 4 SACCH 

biocks 

CELL RESELECT HYSTERESIS RXLEV hysteresis for 
required cell 

reselection, O-14 dB, 
2 dB steps, e.g. 

O = 0 dB, s 2 dB etc. 
NCc PERMITTED Bit map of NCCs for 

which the MS is allowed 
to report leasurement 

results. Bit lap 
relates to NCC part of 

the BSIC. 

CELL, BAR ACCESS See Table la 

CELL BARQUALIFY See Table la 
CELL RESELECT PARAMIND Indicates presence of 

C2 

Cell reselection 
parameter (1 s 

parateter present) 
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FIG 2 (continued) 

CELL RESELECT OFFSET Adds an offset to the 
C2 cell reselection 

criterion 
0 - 25 dB 

2 dB steps, e.g. 
= 0 dB, l = 2 dB, etc. 

TEMPORARY_OFFSET Adds a negative offset 
to C2 for the duration 

of the PENALTY TIME. 
0 - 60 dB, 10 dB steps, 
e.g. 0 0 dB is 0 dB 
etc., and 7 = infinity 

PENALTY TIME Specifies the period 
for which the temporary 

offset is used. 
20 to 620 s, 20 s 

steps, e.g. 0 = 20 s, 
= 40 s, etc. 3) is 
for the note that 

CELL RESELECT OFFSET C2 
is subtracted and that 
TEMPORARY_OFFSET is not 

considered. 
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Adds an offset for use 
with an LSA cell 

reselection betweer 

cells having the same 
LSA priorities. 

C = 0 dB, = 4 dB, 
2 is 8 dB 3 c 16 dB, 

FIG 2 (continued) 

LSA OFFSET - 3 BCCH DAL 

4 as 24 dB 5 = 32 da 
s s 48 dB 7 s. 64; de 

3 PRIO THR The PRIC signal O-7 BCCH Df. 
strength threshold 

relates to 

RXLEV ACCESS MIN. 
D = 0 dB l is 6 dB 

2 2 dB 3 s 18 des, 
4 = 24 dB, S is 30 dB 
6 = 36 dB 7 s. co de 

is to its site to is the cell 
QSEARCH Threshold value of the 0- 3 BCCH of 

received GSM signal 
gualiity, above which 

easurements of 
alternative RATs are 

not made 

Threshold waue of the - 

s 

measured signal quality 
of the alternative RAT, 
below which a handover 
from GSM is unacceptable 
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FIG 3 

Table i : Radio subsystem connection control parameters 
Description ce Bits 

ESC Base station O-53 SCH DAL 
identification code 

BA Bch assignment 
Sequence nuTuber of BA Ofl. l BCCH D/L 

MS TXPWR MAX CCH The maximum TX transit OW3 1. 
power which can be used 

BCCH DAL 

by an MS in a system 
access before it is 

controlled by the other 
end 

POWER OFFSET The power offset is 
detertained in 

conjunction with the MS 
TXPWR MAX CCH parameter 
by the class 3 DCS 1 

SOO MS: 
= O BB 

- 2 dB 

4 dB 
6 dis 

required 
received signal level 
at the MS for the 

systern access 

O 3 

BCCH DAL 

BCCH DAL 

SACCH DAL. 

Minimum 

The claxituut value of 
the radio irk timeout 

RXLEV ACCESS MIN 

4- 64 SACCH blocks, 
15 steps of 4 SACCH - blocks 

CELL RESELECT HYSTERESIS RXLEV hysteresis for 
required cell 

reselection. 0-14 dB, 
2 dB steps, e.g. 

= 0 dB - 2 dB etc. 

BCCH D/L 

Ncc PERMITTED Bit map of NCCs for 
which the MS is allowed 
to report measurement 

results. Bit map 
relates to NCC part of 

BCCH DAL 

the BSC. 
CEL, BAR ACCESS l BCCH DAL 
CELL BARQUALIFY See Table la l 

CELL RESELECT PARAMIND Indicates presence of BCCH D/L 
C2 

Cell reselection 
parameter l = 

parameter present) 
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FIG 3 (continued) 

CEL RESELECT OFFSET Adds all offset to the 
C2 cell reselection 

criteriod: 
O - l26 dB 
2 is steps, 

e.g. 0 = 0 dB, ) = 2 dB, 
etc. 

Adds a negative offset 
to C2 for the duration 
of the PENALTY TINE. 

0 - 60 dB, 0 dB 
steps, e.g. 0 0 de 
= 1D dis etc. and 7 = 

infinity 
Specifies the period 

for which the 
temporary offset is 

used. 
20 to 52d s 20 s 

steps, e.g. 0 = 20 S. 
e 40 s, etc. 3 is 
for the note that 

CELL RESELECT offset 
C2 is subtracted and 

that TEMPORARY OFFSET 
is not considered. 

TEMPORARY OFFSET BCCH / 

se 

BCCI dil, 
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FIG 3 (continued) 

LSA OFFSET Adds an offset for use 
with an LSA cell 

reselection betweer 

cells having the Satue 
LSA priorities. 

O = 0 de l = 4 dB 
2 is 8 dis 3 = 16 dB 
4 = 24 dB 5 = 32 dB 

is 48 dB, 7 s. 64 dB 
The PRIO signal 

strength threshold 
relates to 

RXLEV ACCESS MIN. 
G = 0 dB = 6 dB, 

2 = 12 dB, 3 s 8 dB, 
4 = 24 dB, S = 30 dB 

= 36 d. 7 = to de 

OSEARCH 
received GSM signal 
guality, above which 

Eneasuretents of 

alternative RATs are 
tot inade 

CiCCEP Treshold value of the 
measured signal guality 
of the alternative RAT, 
below which a handover 

from GSM is 
: unacceptable 

gSEARCH HYST Range of threshold 
values for the received 

GSM signal quality 
referred to OSEARCH, 

above which the 
feasurements of 

alternative RATs are 
ter. Irinated. 

(The range is 5 dB in 
steps of two dB coded 

by three bits) 
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FIG 3 (continued) 

QSEARCH TIME 

May 8, 2007 

Specifies the length of 
time with which 

measurements of the 

alternative RAT's are 
continued after the 

QSEARCH criterion has 
been net. As long as 
the tinner is active, a 
GSM quality above the 

QSEARCH threshold value 
does not lead to a 

discontinuation of the 
measurements of 

neighboring alternative 
RATs. When the titler 
times out and the GSM 

quality is above 
QSEARCH, the 

measurements of other 
RATs are discontinued. 

Sheet 8 of 10 US 7,215,962 B2 
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METHOD FOR AN INTERSYSTEM 
CONNECTION HANDOVER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and hereby claims priority to 
German Application No. 100 10958.6 filed on 6 Mar. 2000, 
the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a method for an intersystem 

handover. In particular, the invention is suitable for use in a 
mobile radio system or wireless Subscriber access system. 

2. Description of the Related Art 
In radio communication systems (also called radio access 

technology—RAT in the text which follows), for example 
the second-generation European mobile radio system GSM 
(global system for mobile communications), information 
Such as, for example, Voice, image information or other data 
are transmitted via a radio interface with the aid of electro 
magnetic waves. The radio interface relates to a connection 
between a base transceiver station and a multiplicity of 
subscriber stations, where the subscriber stations can be, for 
example, mobile stations or stationary radio stations. Elec 
tromagnetic waves are radiated with carrier frequencies 
which are located within a frequency band provided for the 
respective system. For future radio access technologies, for 
example the UMTS (universal mobile telecommunication 
system) or other third-generation systems, frequencies are 
provided in a frequency band of approx. 2000 MHz. For the 
third mobile radio generation UMTS, two modes are pro 
vided, one mode being an FDD (frequency division duplex) 
mode and the other mode being a TDD (time division 
duplex) mode. These modes are used in different frequency 
bands and both modes support a so-called CDMA (code 
division multiple access) Subscriber separation method. 

For descriptions of the second-generation mobile radio 
system GSM, the book by J. Biala “Mobilfunk und Intelli 
gente Netze' (which may be translated as “Mobile radio and 
intelligent networks”), Vieweg Verlag, 1995 provides the 
basic general state of the art. 

Due to the fact that the second- and third-generation radio 
access technologies exist in parallel and it is desired to 
harmonize between them, subscriber stations which have set 
up a connection in one radio access technology are to be 
provided with the possibility of handing the connection over 
to another radio access technology which may support a 
different transmission mode. This handing over between 
technologies is also called interSystem handover. 

At the beginning of the spread of the future UMTS mobile 
radio system, so-called multimode subscriber stations will 
support both the GSM standard and the UMTS standard at 
the least. This is mainly of significance to operators which 
are implementing both, for example, a full coverage of an 
entire country by the GSM mobile radio system and an 
initially locally limited coverage by the UMTS mobile radio 
system. 

According to the GSM standard, the subscriber station 
must observe, for example, the received signal strength 
indicators (RSSI) of up to 32 neighboring cells and the six 
neighboring cells offering the best transmission conditions 
must be periodically signaled to the base transceiver station 
providing coverage. 
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2 
In parallel with this observation of neighboring cells of 

the system to which the subscriber station has set up a 
connection or is in a so-called idle mode, the Subscriber 
station will also have to additionally observe radio cells of 
one or more radio access technologies available in parallel 
in future. On the one hand, this disadvantageously increases 
the energy consumption of the Subscriber station and, on the 
other hand, a certain time for observing all available systems 
is required in each case. For this reason, it is basically logical 
if the subscriber station initially only observes radio cells of 
one system and an observation of another system is only 
stimulated if the transmission quality to this system drops 
below a certain threshold value. 

For the GSM standard, it is presently proposed to expand 
the so-called control parameters in Such a manner that two 
threshold values QSEARCH and QACCEPT are addition 
ally signaled in the control parameters in the downlink. The 
complete list of control parameters is given in a table in FIG. 
2. The proposed threshold values are emphasized in italics. 
The first threshold value QSEARCH describes a lower 

value for the quality of a received GSM signal above which 
no measurements of further systems (alternate RATs) are 
performed. The second threshold value QACCEPT 
describes a lower value for the quality of the signal of the 
alternate RAT below which a handover to the other system 
is unacceptable. 

FIG. 4 is used for describing how these additional param 
eters affect the behavior of a subscriber station. Referring to 
FIG. 1 described hereinafter, values determined in the sub 
scriber station for a transmission quality are plotted against 
time t. The time-variant first signal sig1 is, for example, the 
general signaling channel BCCH (broadcast control chan 
nel) from a base transceiver station of a GSM mobile radio 
system, which is transmitted by the base transceiver station 
with an increased and constant transmit power. The time 
variant second signal sig2 is, for example, a general signal 
ing channel BCH (beacon channel) transmitted by a base 
station of a UMTS mobile radio system. The time variance 
is mainly due to a movement of the subscriber station, but 
a change in the traffic loading within the radio cell within 
which the subscriber station is located can also lead to 
fluctuations in the transmission quality. 

According to the proposal described, the Subscriber sta 
tion begins to observe the second signal sig2 after the first 
signal drops below the first threshold value QSEARCH and 
ends this observation after the first threshold value 
QSEARCH has subsequently been exceeded etc. In this 
process, the consequence of dropping below the first thresh 
old value QSEARCH and the second signal sig2 simulta 
neously exceeding the second threshold value QACCEPT 
would be, for example, that a handover to the second system 
is stimulated. 

The consequence of this behavior is that a frequent 
short-time starting and stopping of the observation of the 
second system would occur, particularly when values of the 
transmission quality are close to the first threshold value. 
This wastes precious energy, on the one hand, and, on the 
other hand, the period of observation is too short for being 
able to draw reliable conclusions for any handover from the 
measurements of the transmission quality to the second 
system. In this context, it must be generally taken into 
consideration that a single measurement of a radio cell of the 
second system is not sufficient. Instead, a number of mea 
surements must be performed in order to obtain a reliable 
result. 

IPR2023-01267, -01268, -01269, 
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SUMMARY OF THE INVENTION 

The invention is based on the object of specifying a 
method which, based on the known method, realizes a more 
efficient and more reliable method for handover. 
The method according to the invention has the advanta 

geous effect that, due to the additional criterion, the deter 
mination of the transmission quality to a base transceiver 
station of the second system is performed until there is a 
reliable finding about the appropriateness of a handover to 
the second system. 

According to the invention, a time interval or a decision 
hysteresis is used as the criterion separate from the threshold 
value. 
The method according to the invention described is used 

in a particularly advantageous manner in a radio access 
technology implemented as a mobile radio system or wire 
less Subscriber access system. 

Exemplary embodiments of the invention will be 
explained in greater detail with reference to the attached 
drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present 
invention will become more apparent and more readily 
appreciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying 
drawings of which: 

FIG. 1 is a block diagram of two neighboring radio access 
technologies, 

FIG. 2 is a table with known control parameters, 
FIG. 3 is a table according to FIG. 2 containing additional 

control parameters according to the invention, 
FIG. 4 is an exemplary timing diagram for the method 

according to the prior art, and 
FIG. 5 is an exemplary timing diagram for the method 

according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

FIG. 1 shows in each case sections from two mobile radio 
systems RAT1, RAT2 as examples of radio access technolo 
gies. A mobile radio system typically consists of a multi 
plicity of mobile switching centers MSC or UMSC (mobile 
switching center or UMTS mobile switching center), respec 
tively, which belong to a switching subsystem (SSS) and are 
networked together or, respectively, establish access to a 
landline network, and of in each case one or more base 
station subsystems (BSS) connected to these mobile switch 
ing centers MSC, UMSC. A base station subsystem BSS, in 
turn, exhibits at least one BSC (base station controller) or 
RNC (radio network controller) facility for assigning radio 
engineering resources and at least one base transceiver 
station BTS or NB (node B), connected thereto. A base 
transceiver station BTS, NB can set up connections to 
Subscriber stations UE (user equipment) Such as, e.g. mobile 
stations or other mobile and stationary terminals via a radio 
interface. Each base transceiver station BTS, NB forms at 
least one radio cell Z. As a rule, the size of the radio cell is 
determined by the range of a general signaling channel BCH 
(beacon channel) or BCCH (broadcast control channel) 
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4 
which is transmitted by the base transceiver stations BTS, 
NB with a transmitting power which is in each case higher 
than the traffic channels. In the case of sectorization or of 
hierarchical cell structures, it is also possible for each base 
transceiver station BTS, NB to cover a number of radio cells. 
The functions of this structure can be transferred to other 
radio access technologies in which the invention can be 
used, particularly for subscriber access networks with wire 
less Subscriber access. 
The example of FIG. 1 shows a subscriber station UE 

which is constructed as a mobile station and which is located 
in a radio cell Z of the first mobile radio system RAT1 which 
supports a GSM standard, and in a radio cell Z of a second 
mobile radio system RAT2 which supports a UMTS stan 
dard. The subscriber station UE has set up a connection to 
the base transceiver station BTS, shown by way of example, 
of the first mobile radio system RAT1. During the call, the 
subscriber station UE periodically evaluates transmission 
conditions of the radio interface to Surrounding base trans 
ceiver stations such as, for example, the specified base 
transceiver station NB of the first mobile radio system 
RAT1, for example, in the case of a deterioration of the 
transmission quality to the base transceiver station BTS of 
the second mobile radio system RAT2 or in the case of the 
additional setting-up of a service, in order to stimulate a 
handover to the base transceiver station NB of the first 
mobile radio system RAT1. 

If the transmission quality to the first mobile radio system 
RAT1 becomes generally poorer, for example due to the fact 
that the subscriber station UE is moving away from the radio 
coverage area of the first mobile radio system RAT1, an 
additional described observation of radio cells of a parallel 
mobile radio system must be stimulated in order to perform 
a handover to this system, if necessary. 
The same method is also used, for example, in the case of 

hierarchical network structures when a connection between 
different hierarchical levels, for example from a microcell 
into a macrocell which operate in a different frequency band 
in each case, is handed over. 
The method according to the invention can also be 

extended to a handover between radio access technologies 
utilizing the same transmission method. This can occur, for 
example, in the case of a handover between a GSM 900 
system and a GSM 1800 system of one or two operators. 

FIG. 3 shows, by way of example, a table according to 
FIG. 2, containing additional control parameters according 
to the invention (in italics). These parameters are, on the one 
hand, a hysteresis QSEARCH HYST and, on the other 
hand, a time interval QSEARCH TIME. Each of these 
parameters by itself already solves the problem of the prior 
art as described. Combining the two parameters, however, 
very advantageously provides for very high flexibility for 
the operator due to the fact that the parameters can be 
individually adapted. 
The hysteresis QSEARCH HYST defines a virtually 

additional threshold value above the threshold value 
QSEARCH as can be seen from FIG. 2. The width of the 
hysteresis QSEARCH HYST can be selected by the opera 
tor, for example, individually for a radio cell and in depen 
dence on environmental conditions. 

If the quality of the first signal sig1 drops below the 
threshold value QSEARCH, the subscriber station UE 
begins to observe the quality of the second signal sig2. The 
observation is continued until the quality of the first signal 
sig1 exceeds the upper limit of the hysteresis band. 
The time interval QSEARCH TIME defines a period 

within which the subscriber station UE determines at least 
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the quality of the second signal sig2. In combination with 
the hysteresis QSEARCH HYST, the time interval 
QSEARCH TIME is only interrupted if the first signal sig1 
exceeds the upper limit of the hysteresis band. 
The time interval can be individually adapted but it should 

be ensured in every case that it at least provides sufficient 
time for determining a reliable value with respect to the 
transmission quality. The values found are advantageously 
averaged over the time interval and the averaged value is 
compared with the threshold value QSEARCH. 
The invention has been described in detail with particular 

reference to preferred embodiments thereof and examples, 
but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention. 
The invention claimed is: 
1. A method for controlling an interSystem handover from 

a first radio access technology using a first transmission 
method to a second radio access technology using a second 
transmission method, comprising: 

comparing a threshold value to a first transmission quality 
of a first signal to a first base transceiver station of the 
first radio access technology with respect to at least one 
first transmission characteristic, determined by a Sub 
scriber station; and 

only after the first transmission quality drops below the 
threshold value, determining, by the subscriber station 
throughout a predetermined time interval, a second 
transmission quality of a second signal to a second base 
transceiver station of the second radio access technol 
ogy with respect to at least one second transmission 
characteristic. 

2. The method as claimed in claim 1, wherein at least one 
of the first and second transmission characteristics includes 
at least one of a received signal strength indicator, a signal/ 
noise ratio and a bit error rate. 

3. The method as claimed in claim 1, further comprising: 
after the predetermined time interval has elapsed, repeat 

ing said comparing of the first transmission quality with 
the threshold value; and 

ending said determining of the second transmission char 
acteristic if the first transmission quality exceeds the 
threshold value. 

4. The method as claimed in claim 1, further comprising: 
after the predetermined time interval has elapsed, repeat 

ing said comparing of the first transmission quality with 
the threshold value; and 

initiating handover to the second base transceiver station 
if the first transmission quality drops below the thresh 
old value. 

5. The method as claimed in claim 1, 
further comprising: 

determining values related to the first transmission 
quality during the pre-determined time interval; and 

averaging the values related to the first transmission 
quality to obtain an averaged value representing the 
first transmission quality, and 

wherein said comparing after the predetermined time 
interval has elapsed compares the averaged value with 
the threshold value. 

6. The method as claimed in claim 5, wherein the prede 
termined time interval is selected for at least one of an 
individual radio cell and in dependence on a current traffic 
load. 

7. The method as claimed in claim 6, wherein a hysteresis 
depending on the threshold value is used as the criterion. 
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8. The method as claimed in claim 7, wherein said 

determining of the second transmission quality is continued 
until the first transmission quality is outside a range limited 
by the hysteresis. 

9. The method as claimed in claim 8, wherein the range 
of the hysteresis can be selected for an individual radio cell. 

10. The method as claimed in claim 9, wherein the first 
radio access technology Supports a GSM transmission 
method and the second radio access technology Supports a 
UMTS transmission method. 

11. The method as claimed in claim 1, further comprising 
upon completion of the predetermined time interval, decid 
ing by the subscriber station whether to communicate with 
the first base transceiver station of the first radio access 
technology or the second base transceiver station of the 
second radio access technology. 

12. A subscriber station for carrying out a method for 
controlling an interSystem handover from a first radio access 
technology using a first transmission method to a second 
radio access technology using a second transmission 
method, comprising: 

a processor programmed to determine a first transmission 
quality of a first signal to a first base transceiver Station 
of the first radio access technology with respect to at 
least one first transmission characteristic, to compare 
the first transmission quality to a threshold value and, 
only after the first transmission quality drops below the 
threshold value, to determine, throughout a predeter 
mined time interval, a second transmission quality of a 
second signal to a second base transceiver station of the 
second radio access technology with respect to at least 
one second transmission characteristic, until a criterion 
separate from the threshold value is met. 

13. The subscriber station as claimed in claim 12, wherein 
at least one of the first and second transmission character 
istics includes at least one of a received signal strength 
indicator, a signal/noise ratio and a bit error rate. 

14. The subscriber station as claimed in claim 12, wherein 
said processor is further programmed to repeat comparison 
of the first transmission quality with the threshold value after 
the predetermined time interval has elapsed and to end 
determination of the second transmission characteristic if the 
first transmission quality exceeds the threshold value. 

15. The subscriber station as claimed in claim 12, wherein 
said processor is further programmed to repeat comparison 
of the first transmission quality with the threshold value after 
the predetermined time interval has elapsed and to initiate 
handover to the second base transceiver station if the first 
transmission quality drops below the threshold value. 

16. The subscriber station as claimed in claim 15, wherein 
said processor is further programmed to determine values 
related to the first transmission quality during the predeter 
mined time interval and to average the values related to the 
first transmission quality to obtain an averaged value rep 
resenting the first transmission quality, and after the time 
interval has elapsed the averaged value is compared to the 
threshold value. 

17. The subscriber station as claimed in claim 16, wherein 
said processor is further programmed to select the predeter 
mined time interval for at least one of an individual radio 
cell and in dependence on a current traffic load. 

18. The subscriber station as claimed in claim 12, wherein 
a hysteresis depending on the threshold value is used as the 
criterion. 

19. The subscriber station as claimed in claim 18, wherein 
said processor is further programmed to continue determi 
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nation the second transmission quality until the first trans 
mission quality is outside a range limited by the hysteresis. 

20. A base station subsystem of one of a mobile radio 
system and a wireless Subscriber access system using a first 
transmission method implementing a first radio access tech 
nology, for carrying out an interSystem handover to another 
base station Subsystem using a second transmission method 
implementing a second radio access technology, comprising: 

a processor programmed to determine a first transmission 
quality of a first signal to said base station Subsystem 

8 
with respect to at least one first transmission charac 
teristic and, only after the first transmission quality 
drops below a threshold value, to determine, through 
out a predetermined time interval, a second transmis 
sion quality of a second signal to the other base station 
Subsystem with respect to at least one second transmis 
sion characteristic, until a criterion separate from the 
threshold value is met. 
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