5 CELL®EAR RADI O The present invention relates to cellular radio, ﬁ%%@?%dagl"j*
particul ar, although not exclusively, to a cellular radio systen1haV|ngp55,
over |l appi ng nmacrocells and 10 mcrocells. A conventional cellular.radio
system has a nunber of radi o base stations each serving a respective radio

coverage area or cell, with which a nobile radio station can communicate
over a radio link. As a nobile station noves from cell to the-next, the
communi cation link is-transferred fromthe presen THESgn ~S—.station to the

next base station using a procedure known-as Ran
need for hand-over is usually determned on the ba
criteria. Commonly used criteria are:

5
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10 The preseﬁt invention relates to cellular radio, and
in particular, although not exclusively, to a c¢ellular
radio system having overlapping macrocells and microcélls.

A conventional cellular radio system has a number of

°T.7.71T. I

radio base stations each serving a respective radio

- 15 coverage area or cell, with which a mobile radio station
can communicate over a_r;éio link. As a mobile station
moves from one cell-to the next, the commgnicatioﬁ link is
t:ansféfied from the present base station to the next base
station using a procedure known as hand-over or hand-off.

20 The need for hand-over is usually determined on the basis
of one or more criteria. Commonly used criteria are:

1) received signal strength indication (RSSI) of the
mobile at the base station, or base stations at a mobile
station, '

25 2) relative distance- measurement of the mobile from
the two closest base stations, _ _

3) lével of interference from the nearest base station
operating on the same frequency, and

4) in digital s?stems, bit exrror rate (BER).

30 - The cells of conventional cellular radio systems are
relatively large, typically several kilometres across, and
this allows time for data to be acquired for even a fast
moving mobile station and a decision made on the basis of
trends in. that data. Recently there have been moves

35 towards'having cellular radio systems with relatively small
cells of up to a few kilometres in diameter, and typically
less than one kilometre in diameter, and these are often
referred to as "microcells" while the relatively large,
sometimes called wide area cells are often referred to as



1), rec9|ved signal strength-indication (RSSI) . of the nobi |l e at the base
statlon or base stations at a. nnblle statlon 2) relative

di stance measurement of the k@%ﬁ) closest base stations, 3)
| evel of interference fron1th tatlon o-eratlng on the sane
frequency, and 4) in digital or rat e g The

cells of conventi onal ceIIuIar radi o systens are re
typically several kilonmetres across, and this allo
acquired for even a fast noving nobile statkor and a decision
basis of trends in that data. Recently there have been noves towards having

cellular radio systens with relatively snmall cells of up to a few
kilometres in dirgetegellsid These terms do not indicate absolute size

limitations but rather reflect the relative size of these

two cell types. Microcellular radio systems should provide

a better frequency re-use and hence_greater user density.

5 Proposals for microcellular systems su'g'gest their
application to road network, for example motorways where

high speed mobile stations will pass through a microcell
very quickly. This means that the time available for
measurement of a handover criterion, e.g. RSSI, BER or

10 interference level, for use in a hand-over decision is
limited. Furthermore, the radio coverage of microcells. is

) subject to larxge variations in signal strength over short

dlstances relatively, for example in an urban environment.
‘I'ak:.ng RSSI as an example of a poss:.ble handover
15 criterion in the handover decision or cell reselection for
N an idle mobile, its use in conventional cellular radio
systems is complicated by the variation of RSSI, caused by
factors other than pathloss due to changing diétance of the
mobile from a base station. Considering a simplified
20 situation, see inset sketch in Figure 1, where a mobile
station MS moves between two cells served respectivély by
base stations BS! and BS2, the received siénal strength of
the two base stations at the mobile station varies not only
with distance, i.e. diminishes due to path loss, but also
25 varies with fast (Rayleigh) fading and shadowing, see graph
in Figure 1. In this simplified example the ‘ideal’ point
for handover is half way between the base station where the
RSSI for both base stations is the same - where their
pathloss curves intersect. However the effecté of fading
30 and shadowing lead to uncertainty of the level of RSSI and
to patﬁloss, hence render determination of the correct
handover point more'difficult. However by time-averaging
the RSSIs the effect of fading and shadowing can to some
extent be overcome. This time averaging does introduce a
35 delay, referred to as the time averaging delay, into the



30, typically Iess than one kilonmetre in diameter, and these are often
referred to as "mcrocells" while the relatively | arge, sonetinmes called
wi de area cells are of t effihis 8ieetiaeleen Bendased' macr ocel | s, _These terms do not
i ndi cate absol ute size |i at her refle i ve size of
these two cell types. Mecr o] systens shou ' ef t er
frequency re-use and hence greater user densi 35 5'64(,% '
microcel | ul ar systens suggest their appllcatlon to road netwo
exanpl e not orways where high speed nobil e-sgations will pass through a
m crocel |l very quickly. This means that the tinme avail able for neasurenent

of a handover criterion, e.g. RSSI, BER or interference level, for use in a
hand- over handover/cell reselection process. The situation is

further compiicated, however, because if handover occurs
where the averaged values for RSSI are the same there'is a
significant probability that variation in the momentary
: levels will be sufficient to trigger the 5ystem to make an
unnecessary handover back to the original base station. To
reduce the probability of such unnecessary handover
occurincj a hysteresis 'quantity is introduced which, in
effect offsets the RSSI of the current base station
10 relative to the RSSI of destination base station. a
-. simplified example of .this is shown in ‘Figure 2,7 in
relation to the idealised situation - of Figure 1, in
Figufe %_the'path loss curve for BS1 is shown offset by a
hysteresis element H, with the result that the intersection
15 (handover) point with the path loss curve (2) for BS2 is
also offset, in positional terms towards BS2.

The two handover parameters, Averaging period (T) and
Hysteris margin H, are related to the two handover
qualities frequency of unnecessary handover, and handover

20 delay D as shown in Figure 3. The standard deviation (So)
of RSSIs varies with the Averaging period T; the hysteresis
“‘margin H is a function of So, and frequency of probability
of unneceesary“handover Pu; and Handover delay D is the sum
of the Averaging De{ay and Hysteris delay. For macrocells

25 of a few kilometres diameter where the Handover Delay in
distance terms is of the order of several hundred metree
e.g. 700-800 metres, the Averaging period T and Hysteris
margin H could typically be T = 10 secs and H = 7dB. Such
criterion can provide satisfactor§ results . . in a macrocell

30 environment, hnowever if applied to a microcell context
probleﬁs occur.

In a microcellular environment large variations of
signal level, and hence RSS1 of a base station at a mobile
station, occur over relatively short distances, as shown by

35 the example graph in Figure 4. As indicated in the inset



degision is limted. Furthernore, the radio coverage of microcells is
subj ect to large varlatlonﬁmsﬂmﬂmgﬂéhn§l&§@gth over relatively short
di stances, for exanple in vi-ronment. king RSSI as an
exanpl e of a possi bl e hand lﬂﬂm”& i'n the Lon or cell
resel ection for an idle nobi n converg i )

systens is conplicated by the varlatlon of IRSSI , - /
t han pat hl oss” due to -changi ng di stance of the mobi | e fron1a basg st ation.
15 Considering a sinplified situation, seedinset sketch in Figure 1, where
a nobile station M5 noves between two cells served respectively by base
stations BS1 and BS2, (serving mcrocells A and B respectively), the

recei ved si gnalsmtrcéhgih Gl guie tdwo Bhsrosehls ofs atBt kyerdisd eatt at inpad
varies not onl qi{lg%{@faehefalﬂl,%%%@aé SR ARt Bub £5Bn1 Pule iSO

varies with fast (Rayl € ad |n%q
respective road. hen a mobile MS moves from the road

served by base station A into ~the road served by base
5 station B, as shown in the inset sketch in Figure 4, the

mobile MS experiences the variation in signal strength from

the base stations of the graph in Figure 4.- The
significant effect occurs as the mobile turns the corner,

as indicated on the graph, -where an almost step function

10 pathloss effect occurs. The present invention is concerned
with a cellular radio system which seeks to cope with such

) microcellular situations while still_maintaining the

quallty of handover- control in macrocellular situations.

Accordlng to a first aspect the present invention

15 provides a cellular radio system comprising: a plurality of
) base stations each having a radio transceiver serving a
cell of the system; a mobile station having a radio
transceiver for communicating with one or other of the base
stations; and characterized by the system having on the one

20 hand first means for time averaging handover criterion
measurements over a first averaging period, means for

applying a first hysteresis margin to the time averaged
handover éritefion measurements to provide a first handover
indicator, and having on the other hand a second means for

25 time averaging handover criterion measurements over a
second averaging period which is relatively short compared

to the first averaging period, and means for applying a
second hysteresis margin, which is relatively large
compared to the first hysteresis margin, to the time

30 averaged handover criterion measurements to provide a
second handover indicator, and means for assessing handover
requirements of the mobile station on the basis of the
first and second handover indicators; whereby on the one

hand relatively gradual variations in handover criterion



ZQ,‘shadomAng, see graph in—Figure 1 In this si npl i

‘ideal' point for handover is half way between the } Qn where the
RSSI for both-base stations i & “ eﬂRﬂh@ﬁe t he

i ntersect. However the effect shadow ng tainty
of the level of RSSI and to pa ender determ na f he

correct handover point nore dlfflcult wever by tine-aver ag
RSSIs the effect of fading and shadomnng can to sonme extent be overcone.
This time averaging does introduce a delay, Yéferred to as the tine
averagi ng del ay, into the handover/cell reselection process. The situation

is further conpj %ﬁa%gsﬁgpé/&v%easgcgﬁse.ﬂg dandover naceins, rolgrabg'(lfd?en

. aver aged val ues ane there 15 a S|gn|f|cant
that 30 variatvapiahiohe hpnkAndeyereosiSewiph Qéns@$$9cbénﬁs§8559ﬂgger

the systemto meke aﬁrH?Q?ES§§a€Hbr?ﬂﬁ?%”ﬂﬁé%ﬂainbophggoarig'E@%epﬂfetlmes

station. To reduce the
the second time averaging period, in particular of the

5 order of 20 times. Preferably the first hysteresis margin
o is a significant fraction of the second hysteresis margin,
in particular of the order of half.

A corresponding method is also provided.

A preferred embodiment of the invention will now be

10 described by way of example and with reference to the
accompanying drawings:

Figure 1 shows a graph illustrating the variations of
received signal strgngﬁh at a mobile station (ms) of two
base stations (BS1, BS2) at points between them, with inset

15 a sketch illustrating the simplified arrangement of the
radié-cells of the two base stations;

Figure 2 shows a graph éimilar to that of Figure 1
with factors of tihe averaging and hysteresis introduced;

Figure 3 is a diagram illustrating the

20 inter-relationship of handover parameters and handover
qualities;

Flgure 4 shows a graph of received signal strength at
a mobilé- station of two base stations (A, B) in a
microcellular system, with inset a simplified plan of the

235 two radio cells;

Figure 5 is a schematic block diagram of apparatus
forming part of the preferred embodiment;

Figure 6 shows a graph illustrating the response of
the apparatus in Figure 5 in a microcellular environment;

30 and

Figure 7 is a table comparing typically examples of
averaging delays and hysteresis margins for conventional
systems and that of the prefered embodiment.

The base station and mobile station transceiver

35 equipment for the cellular system are conventional and will



prgbabi ity of such unnecessaﬁy—hﬂﬁd’é#e#eée-uﬂi ng a hysteresis quantity is
i ntroduced which, in effect %jsggée t e SSII f the current base station

relative to the RSSI of desti n een ton. T : of handover
hysteresis is 35 discussed by in tHe -"u Nhe
38t h | EEE Vehi cul ar -3- 5 ference neREHa@EBhl adI phi a

USA) pages 170-175. A sinplified exarrpl e of this is shown 1 :
rel"ation to the idealised situation of Figure 1; in Figure 2 the path | oss
curve for BS1l is shown offset by a hysteresigs_element H with the result -
that the intersection (handover) point with
not be described further. The mobile station has signal
strength measuring equipment for measuring the received
signal strength of Dbase stations, which is likewise
conventional and will not be described further. The
- 3 apparatus of the preferred embodiment additiénal to these
equipments is sfiown in Figure 5 and may be either at mobile
or base station. )
The additional apparatus'of the preferred embodiment
has inputs (I, to I,) for receiving received signal strength
10 data tor the current cell (I,) and adjacent cells (I, to I,)
to which the_mobile station obtaining the data may- be

) handed over. Each input I is connected to a long term
averaging unit ( LTAO' - LTa,) and a short term averaging unit
(STa, - STA,). The long term averaging unit (LTA,) provided

15 with -the data for the current communicating cell is
connected to a first_summer S, which is provided with a
narrow hysteresis margin HM, while the short term averaging
unit STA, which is also provided with the data for the
current communicating cell is connected to a second summer

20 Sy provided with a wide Hysteris Margin HM,. The output of
the first summer S, is connected to a first comparator C,
and the qutput of the second summer Sy is connected to a _
second comparator C,. The outputs of the remaining long term
averaging units (LTA, - LTA,) are selective connectable via

25 a first switch SW, to the first comparator C,, and the
remaining - short term averaging units (STA;, - STay) are-
similar connectable via a switch SW, to the second
comparator C.. The outputs of the comparators C,, C, are
connected as inputs to an OR gate O—RI, the output of which

30 forms a Handover signal. '

Typical values for the LTA=T, and STA=T,, and HM;=H, and
HM,=H, ar shown in Figure 7.
In a situation where pathloss varies gradually, e.gq.
a macrocell, the system operates general as described above
35 with LTA/HM, circuit providing for the current cell the



the path | oss curve (2yfor—BS2—s—atso—offset, in positional terms towards

BS2. 10 The two h@ggﬂ¥ghsg §Hﬁ%§f Averaging period (T) and
Hysteris margin H, are reI handovAT~ alities frequency of
unnecessary handover, and D as shoWnsig,~gqure 3. The
standard devi ati on (S[err] les wt g period T;
the hysteresis margin His a functlon of Slerr], e 5@-
probability of unnecessary handover Pu; and Handover ie is the sum

of the Averaging Delay and Hysteris delay Eor macrocells o
kil ometres di aneter where the Handover Delay in distance terns is of the
order of several hundred netres e.g. 700-800 netres, the Averaging period T

and Hysteresi s gl & b GoUl Galobis ol Vebeute = hd BeC8s ANt dt1B: nSucke

criterion can p | de” sat I sf” act’ory resuT In a nmacrocel envi ronnent ,
however if 20 a:pprs*édcmnparﬁmro@elWl%@nﬁemléroéaﬁﬁs ~Qé'c@td3 acent cells.

When conditions for handover occur the first comparator C,
produces an out which via OR gate_ OR1, forms a Handover
- 5 initiation signal. On the other hand in situation where
pathloss is a sudden, step function e.g. the microcellular
situation of Figure 4 that STA/HMw circuits opéra.te to
provide the signals necessary to determine handover. An
example response based on the signal patterns of 4 is shown
10 in Figqure 6. Curve A shows the output of the second
comparator C.; wh;i.le— curve B shows the output of the first
comparator C.. The curve A produces,” (e.g. Fig. 4) an
oT.ltpui_: forming a handover request with -a 1 second delay
after. the sudden step function in the RSSI of the base
15 station A (Figure 4), while the curve B, i.e. comparatox C,,
also produces a response but some 6 seconds after the step
function occurs. Thus in the, e.g. microcellular step
function pathloss case the apparatus of the preferred
embodiment provides the necessary handover on a time scale

20 appropriate to the circumstances. '



In,a mcrocel lular environment targevariattons of sign
RSSI of a base station at a mabishe: bl Ald BB Qf CUr over short
di stances, as shown by the ex ‘1] | gure 4. [ ' he
i nset sketch in Figure 4, m cr]mM'n Iﬁlﬁverl ap at a 1 05£E/¢ﬁ d
general ly provide 25 coverag I r respective roa

mobil e M5 noves fromthe road served by base station BS1 into the ro
sefved by base station BS2, as shown in theginset sketch in Figure 4, the
nmobi | e M5 experiences the variation in signal strength fromthe base -
stations of the graph in Figure 4. The significant effect occurs as the
nmobil e turns the corner, as indicated on QUsIMSg aph, where an 30 al nost
step function pathloss effect occurs. The present invention is concerned
with a cellular radio systemwhich seeks to cope with such m crocellular
situations whille stid|cebintarnimagdichesyatemt gopprhahvgvera cphurality of
macrocellular page stations each having a radio transceiver serving a

cell of the system; a mobile s€ation having a radio

B transceiver £for communicating a base station; and
characterized by the system having a first means for time
averaging handover criterion measurements over a first
averaging period, and means for applying a first hysteresis
margin to the time averaged handover criterion measurements
to provide a first handover indicator;a second means for
time averaging @an&over__criterion measurements over a
second averaging period which is relatively short compared
to the first averaging period, and means for applying a
secon& hysteresis margin, which is relatively large
compared to the first hysteresis maréin, to the second time
averaged handover criterion measurements to provide a
second handover indicator; and means for assessing handover
requirements of the mobile station on the basis of the
first and second handover indicators; whereby relatively
gradual variations in handover criterion can be assessed
_and relatively sudden variations in handover criterion can

also be assessed.

2. A cellular radio system as claimed in claim 1 wherein
the handover criterion is selected from: i

1) signal strength of base station at the mobile
station,

2) signal strength of the mobile station at the base
station, '

3) bit error rate of the communication between the
mobile station and the base station,

R R A



sighations. It is known frBﬁT*US“pateﬂpanunpgf 4556760, granted in 1 984 to
35 Coldnan, to take account Tiaf SHegqigs t €r m and- short - mvariations in the

si gnal 5 quality by tine- c facgiwo or ent peri ods,
and sunming the result. This /‘ m se bet ween [’ s and
reliability to be achieved. rrangemne i bﬁgmy and

t akes no account of the characteristics of the individual
to a first aspect the present invention provides a cellular 0° syst em

conpri si ng: - -9 -

4) Llevei of interference of two base stations
operating at substantiaily the same frequency,
S) relative distance measurement of the mobile from

the two closest base stations. -

3. A cellular radio system as claimed in claim 1 or 2
wherein the £first averaging period is several times the

second averaging period.

4, A cellular radio'system as claimed in claim 1, 2 or 3
wherein the first averaging period is between 10-100 times

the second averaging period. -

5. A cellular radio system as claimed in any preceding
claim wherein the first averaging period is substantially

20 times the second averaging period.

6. A cellular radio system as claimed in any preceeding
claim where the first hysteresis margin is a significant
fraction of the second hysteresis margin.

7. A cellular radio system as claimed in any preceeding
claim where the first hysteresis margin is between 0. 25 and

0. 75 of the second hysteresis margin.

8. A cellular radio system as claimed in any preceeding‘
claim wherein the first hysteresis margin is substantially
0.5 of the second hysteresis margin.

9. A method of assessing handover requirements of a
mobile station in a cellular radio system in which a
plurality of base stations each have a radio transceiver
serving a cell of the system and the mobile station has a
radio transceiver for communicating with one or other of

the base stations, comprising the steps of: -

T
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a'plurality of base stations each having a radio transceiver serving a cel
of "the system a nobile station havi rﬁ a radio transcejver for

communi cating with a base stat fkfShe ; Replaeds ¢ o ¢ 3 ng first
' '“t ver agi ng P 1920
_ rion S Bt

handover criterion neasurenents

means for tinme averagi ng second

second averagi ng period which is relatively short conpared
averagi ng period, and neans for assessing handever requirenment3~
nobile station on the basis of the tinme avermged first and second cri
measurenents; and characterised by assessnent neans havi ng neans for
applying a first hysteresis margin to the first time averaged handover
criteri on nmeasur enentisneg (ﬁxpa'zcagjdg; daandcster criterion measurements over a

first averaging period, and applying a first hysteresis

margin to the time averaged handover criterion measurements
to provide a first handover indicator; -

time averaging handover criterion measurements over a
second averagihg period which is relatively short compared
to the first averaging period, and applying a second
hysteresis margin, which is relatively large compared to
the first hysteresis margin; to the time averaged handover
criterion measurements +to provide a second handover

indicator; i -

) assessing handover fgquirements of _the mobile station
on the basis of the first and second handover indicators.
10. A method according to claim '9 which comprises <the
steps of: _ :

averaging over first and second differing averaging
periods signal strength measurements of at least some of
the base stations taken at the mobile stations, to provide
a first averaged data of over the shorter averaging period
and a second averaged data over the 1longer averaging
“period; . L -
summing with first averaged data for one base station
the larger of two differing hysteresis margins and -summing
with the second avéraged data for that base station the
smaller of the differing hysteresis margins, to provide a
first and a second signal strength indicator respectively;

comparing the first signal strength indicator with
signal strength measurement for at least pne'other base
station averaged over the shorter averaging period;

camparing.the.second signal strength indicator with
signal strength measurements for at least one other base
station averaged over the larger averaging period,

' KT O 0



teresis nargin,
nmargin, to the
de a second

hanhdoxer indicator; and neaﬁs—ieL_app_ylngT? second h
which is relatlvely | ar ge SR ared to the Tirst hystg
second tinme averaged handov emhqmﬁaﬁurenent
handover i ndicator; wher eby H dual vari am
criterion can be assessed U 25 handover
relatively sudden variations in han ov riterion can be as

t he second handover ‘i ndi cator. By determ ni'ng whether the signa
either of two hysteresis marginas for diffeiént averaged val ues, the
handover deci sion can be neasured agai nst two independent criteria, instead

of a single conprom sed one. Preferably the first averagi ng,_
period i s several tFﬁESQﬁﬁﬁﬁﬂﬁﬁ&ﬂﬁtQQWF%%ePQBFﬁgoﬁeHQﬁjc??&ﬁfﬁﬁ 95165
100 times, andpkBeBaklkicul aprof Adwicveer ofr 20cell re-selection for

re-registration.

11. A cellular radio system substantially as herein
described, and with reference to the accompanying drawings.

12. A method of detefmining handover or cell re-selection
substantially as herein described, and with reference to

the accompanying drawings.

_

N 0



tiﬁés);Preferany the first hysteresis margin is a significant fraction of
the second hysteresis nmargin, typically between one quarter and three
quarters, and in particular of the order of one half. 35 A
correspondi ng nethod is al so provi ded. 5. In a preferred
arrangenment the nmethod conprises the steps of: averaging over first and
second differing averaging periods signal strength neasurenments aof at | east
sofre of the base stations taken at the nobi]e stations, to provide a first
averaged data of over the firsf_averagingﬁﬁﬁibd and a second averaged data

over the second averagi-ng period;
(Fig. 5)

A cellular radio syséem comprising: a plurality of

base stations each having a radio transceiver serving a

cell of the system; a mobile station having a radio
transceiver for communicating with one or other of the base
stations; the system having on the one hand first mgans

- (LTA, LTA, LTA,)- for tifie averaging handover criterion
| (HOC) measurements over a first averaginé_period,'means (Sy)
for appl§ing a first'hysteresis margin to the time averaged

HOC hepsurements to provide a first handover indicator, and

- having on the other hand a second means (STA, STA, ... STAy)
for time averaging HOC measurements over a second averaging
period which is relatively short compared to the first
averaging period, and means (S,) for applying a second
hysteresis margin, which is relatively large compared to

the first hysteresis margin, to the time averaged HOC
-measurements to provide a second handover indicator, and.
means (Oﬁl) for assessing handover requirementé of the
mobile station on the basis of the first and second
handover indicatoréi whe:eby on the one hand relatively
gradual variations in HOC can be assessed and on the other

hand relatively sudden variations in HOC can also be

assessed.
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ofytiwo differing hysteresis margins and sumring with
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the first base station. A preferred enbodi ment of the invention will now be
descri bed by way 25 of exanple and with reference to the acconpanyi ng
drawi ngs: Figure 1 shows a graph illustrating the variations of received
signal strength at a nobile station (M5) of two base stations (BSl, BS2) at
poi nts between them wth inset a sketcwdyllustratlng the sinplified
arrangenent of the radio cells of the t Dase stations; 30 Fi gure
2 shows a graph simlar to that of Figure 1 with factors of time aver agi ng
and hysteresis introduced; Figure 3 is a diagramillustrating the
inter-relationshi p of handover paraneters and handover qualities;

Fig.3.

HANDOVE R PARAME TERS HANDOVER QUALITIES

P | 5 :
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Fig.4.
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-6 5 Figure 4 shows a graph of received signal strength at a
nmobi | e station of two base stations (A B) in a mcrocellular system wth
inset a sinplified plan of the two radio cells; Figure 5is a schematic

bl ock di agram of apparatus formng part of the preferred enbodi nent: 10
Figure 6 shows a graph illustrating the gsponse of the apparatus in Figure
5in a mcrocellular environnment; and gdre 7 is a table conparing:
typically exanpl es of averagi ng delays and hysteresis margins for
conventional systens and that of the preferred
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enbodinent. 1 5 ° The base station and npbile stati on transcei ver

equi pnent for the cellular systemare conventional and will not be
described further. The nobile station has signal strg neasuring -

equi pnment for neasuring the received signal strengt .

which is |ikew se conventional and mnll t be desc .

apparatus of the preferred enbodi nent Slonal to s ' ﬁ%ﬂb ts is

addi ti onal apparatus of the preferred enbodi nent has inputs (Iperr
for receiving received signal strength data for the current cell (l[efr])

and adj acent cells (I[err] to to which the nobile station obt&ining
the data may be handed 25 over. input | is connected to a long fe
averaging unit (LTA[err] - LT and
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a Short termaveraging unit (STAlerr] -~ STAlerr]). The long term averagi ng
unit (LTA[err]) provided with the data for the current communicating cell

i s connected to a first summer S[err] which is provided with a narrow*
hysteresis margin HMerr] while the short term averagi ng unit STA[err]
which is also provided with the data fo e 30 current communicating cell
IS connected to a second sunmer S[err] Svided with a wide Hysteris Margin
HM err]. The output of the first sunmer S[err] is connected-to a first
conparator CJerr] and the output of the second summer Sw is connected to a
second conparator C2. The outputs of the remaining |ong term averaging
units (LTAlerr] - LTA[err]) are selectively connectable via a first switch
SWerr] to the first 35 conparator CJerr], and the remaining short term
averaging units (STA[err] - STA[err]) are '

Fig.7..
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-%=~<% simlar connectable via a swwtch SW to the second conparator :
The: out puts of the conparators Clerr], Clerr] are connected as inputsctzlof'?zé}:\">
OR gate OR1, the output of which forms a Handover signal. Typical val ues
for the LTA=T[err], and STA=T[err], and HMerr]=Herr] and HMerr]=Herr]

as shown in Figure 7. 10 In a situption where pathloss varies
gradually, e.g. a macrocell, the systemoperates i-n g nﬁE AQEMENE{SSHEE]E
above with the LTA[err]/S[err] circuit providing for i he

significant conparison figure which is conpared in the f|r
Cerr] with simlar data for adjacent cells. Wen conditji c?ié mg-pﬁgﬁd vdr

occur the first conparator Clerr] produces an out put |
' CELLULAR RADIO

The present invention relates to.cellular radio, and in parﬁcular, although
.not exclusively, to a cellular radio system having ovetlapping macrocél_ls and

10 microcells. | .

A conventional cellular radio system has a number ‘of radio base stations
each serving a respective radio coverage area or cell, with which a mobile radio
station can communicate over a radio link. As a mobile station moves from one
cell to the next, the communication link is transferred from thé present base

15 station to the next base station using a procedure knoWn as hand-over or
hand-off. The need for hand-over is- usually determined on the basis of one or
more criteria. Commonly used criteria are:

1) received signal strength indication (RSSI) of the mobile at the base
station, or base stations at a mobile station,

20 2) relative distance measurement of the mobile from the two closest
base stations, _

3) level of interference from the nearest base station operating on the
same frequency, and . | | o

-4) in digital systems, bit error rate (BER). _

25 . - The celis of conventional cellular radio systems are relative'ly large,
typically several kilometres across, and this allows time for data to be acquired
for even a fast moving mobile station and a decision made on the basis of trends
in that data. Recently there have been moves towards having cellular radio
systems with relatively small cells of up to a few kilometres in diameter, and

30 typically less than one kilorhetre in diameter, and these are often referred to as
“microcells” while the relatively large, sometimes called wide area cells are often
referred to as "macrocells”. These terms do not indicate absolute size limitations
but rather reflect the relative size of these two cell types. Microcellular radio

systems should provide a better frequency re-use and hence greater user density.

35 Proposals for microcellular systems suggest their application to road network, for




15" gate OR1, forms a Handover |n|t|at|on signal. On the
situation where pathloss is a sudden, step function) e.qg. REmemm'EaISHEE'&r
situation of Figure 4, the STA[err]/HSWC|rCU|t oper at es |t o-gene

second conparator: C2 an output which provides the signal
det erm ne handover. An exanpl e response based on the sig
is shown in Figure 6. Curve 20 A shows_tfie_output of th
C2, while curve B shows the output of the first conparat
produces, (e.g. Fig. 4) an output form ng a handover req
second delay after the sudden step function in the RSSI of the base station
BS1 of mgrocel | Figure 4 whi |l e the curve e. cqppar at or , also
produces %@SHH%e"\?&%‘“@&ﬁe&’ée%&e@@H?p% dpob! I‘Fe Sﬁté’ﬁ‘SZS‘“" fRATSL Frb'ﬁ”%ciur s’
Thus in the @iQocdll $&QCRIdKW. arrhﬁtrﬁparwﬁﬁk Q& RAL S 1361eCRP tnddiBraaRRRT S 4IS Of

the preferred enbodi nent provides the necessary handover on a
handover cntenon e.g. RSSI, BER or interference level, for use in a hand-over

C1. The curve A

decision is limited. Furthermore, the radio coverage of microcells is subject to
large variations in signal strength over .relativeiy short distances, for example in
10 an urban environment.

Taking RSSI as an example of a possible handover criterion in the
handover decision or cell reselection for an idle mobile, its use in conventional
cellular radib systems is complicated by the variation of RSSI, caused by factoré

. other than pathloss due to changing distance of the mobile from a base station.

15 Considering a simplified situation, see inset sketch in Figure 1, where a mobile
station MS moves between two cells served respectively by base stations BS1

and BS2, (serving microcells A and B respéctively), the received signal strength

of the two base stations at the mobile station varies not only with distance, i.e.
diminishes due to path loss, but also varies with fast (Rayleigh) fading and

20 shadowing, see graph in Figure 1. In this simplified example the ‘ideal' point for
handover is haif way between the base station where -the RSSI for both base
stations is the same - where their pathloss curves interseé:t. However the
effects of fading and shadowing lead to uncertainty of the level of RSS! and to

pathloss, hence render determination of the correct handover point more difficult.

25 However by time-averaging the RSSls the effect of fading and shadowing can to
some ex*ent be overcome. This time averagmg does introduce a delay, referred
to as the time averaging delay, into the handover/cell reselection process. The '
situation is further complicated, however, because if handover occurs where the
averaged values for RSSI are the same there is a significant probability that

30 variation in the momentary levels will be sufficient to trigger the system to make
an unnecessary handover back to the original ba_'se station. To reduce the
probability of such unnecessary handover occurring a hysteresis quantity is
introduced which, in effect offsets the RSS! of the current base station relative

to the RSSI of destination base station. The principle of handover hysteresis is

35 discussed by Toshihito.Kanai in the Proceedings of the 38th IEEE Vehicular




tilme scal e appropriate to the circunstances. In certain circunstances the
signal may deteriorate, triggering start of the hanch‘E’W’ no
suitabl e candidate station is available. In such a 3 REBGACEMENThSHEET o}

process will identify the current base station BS1 ag sf1 | '
optimum and the current cell will be reselected for |re-re@ Jiy1aiggn.| | 8

CLAIMS 1. A cellular radio systemconprising: a plyrg ity of base
stations (BS[err], BS[err]) each having a radio trangcerver serving a

5 Technology Conference {June 1988:Philadelphia USA) pages 170-175. A
simplified example of this is shown in Figure 2, in relation to the idealised
situation of Figure 1;in Figure 2 the path loss curve for BS1 is shown offset by a
hysteresis element H, with the .result that the intersection {handover) point with
the path loss curve (2) for BS2 is also offset, in positional terms towards BS2.

10 ' The two handover para’meters, Averaging period {T) and Hysteris margin
H, are relate_d to the two handover qualities frequency of unnecessary handover,
and handover delay D as shown in Figure 3. The standard deviation (So) of
RSSIs varies with the Averaging period T; the hysteresis margin H is a fu_.mction
of So, and 'frequency of probability of unnecessary handover Pu; and Handover

15 delay D is the sum of the Averaging Delay and Hysteris delay. For macrocells of
a few kilometres diameter where the Handover Delay in distance terms is of the
order of several hundred metres e.gq. 700-800 metres, the Averaging period T
and Hysteresis margin H could typically be T = 10 secs and H = 7dB. Such

~ criterion can provide satisfactory results in a macrocell e_nvironment, howaever if

20 applied to a microcell c_ontext-problems occur.
In a microcellular environment large variations of signal_ level, and hence
RSST of a base station at a mobile station, occur over relatively short distances,
as shown by the example gr.aph in Figure 4. As indicated in the inset sketch in
Figure 4, microcells A + B overlap at a road junction, and generally provide

25 coverage over only their respective road. When a mobile MS moves from the
road served by base station BS1 into the road served by base statio_n BS2, as
shown in the inset sketch in Figure 4, the mobile MS experiences the variation in
signal strength from the base stations of the graph in Figure 4. The significant
effect occurs as the mobile turn_s.the corner, as indicated on the graph, where an

30 almost siep function pathloss effect occurs. The present invention is co_ncer'ned
with a cellular radio system which seeks to cope ‘with such microcellular
situations while still maintaining the quality of handover control in macrocellular

situations.

It is known from US patent number 4556760, granted in 1984 to

35 . Goldman, to take account of long-term' and short-term variations in the signal




cell of the system a nobile station (MS) having a radio transceiver for
communi cating with a base station (BS[err], BS[err]) i3S, TEQ A)
for time averaging first handover criterion neasure rREPLAGEMEY féﬁ%éf_

averagi ng period, a second neans (STA) for tine averagifig Secon andloyer
criterion neasurenents over a second averaging period whixh yguggmwh y
short conpared to the first averagi ng period, and neang for assessin
handover requirenments of the nobil e stati 8n-on the basis of The tine
averaged first and second criterion neasurenents; chgracterised by

assessnent neans having neans (S[err]) for applying a first hysteresis _
margin (Herr]) to the first tine averaged handover criterion neasurenents
to provi dé aaydlitg iy time-averaging over two or more different periods, and summing the

=

result. This allows a compromise between responsiveness and reliability to be
achieved. However, this arrangement is a compromise, and takes no account of
the characteristics of the individual cells.

According to a first aspect the present invention provides a cellular radio

10 system comprising: _

a plurality of base stations each having a radio transceiver
serving a cell of the system; a mobile station having a radio
transceiver for communicating with a base station; a first means
for time averaging first handover criterion measurements over a
first averaging period, a second means for time averaging second
handover criterion measurements over a second averaging periéd
which is relatively short compared to the first averaging period,
and means for assessing handover requirements of the mobile
station on the basis of the time averaged first and second
criterion measurements; and characterised by assessment means
having means for applying a first hysteresis margin to the first
time averaged handover criterion measurements to provide a first
handover indicator; and means for applying a second hysteresis
margin, which is relatively large compared to the first
hysteresis margin, to the second time averaged handover criterion
measurements to provide a second handover indicator; whereby

relatively gradual variations in handover criterion can be assessed using the first

25 handover indicator and relatively sudden variations .in handover criterion can be
assessed using the second handover indicator. |

By determining whether the signal meets either of two hyéteresis

.margins for different averaged values, the handover decision can be measured
against two independent criteria, instead of a single compromised one.

30 Preferably the first averaging period is several times the second time
averaging period, typically 10 to 100 times, and in particular of the order of 20
times. Preferably the first hysteresis margin is a significant fraction of the
second hysteresis margin, typically between one quarter and three quarters, and

in particular of the order of one half.

35 A corresponding method is also provided.



handover indicator; and neans (S[err]) for applying a second

hysteresis margin (H[err]) which is relatively |arg;
hysteresis margin, to the second tine averaged hando
measurenents to provide a second handover indicator;
gradual variations in handover criterion can be asse$s d
‘handover indicator and relatively sudden variations {n h
can be assessed using the second handover- isndi cator. |2
radio systemas clained in claim1l wherein the handgier crlterlon is
selected from 1 ) signal .strength of base station +hRre—ebtte—station,

4@&“@%
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2) signal strength of the nobile station at the base station,

5

10

15

20

25

30

In a preferred arrangement the method comprises the steps of:
averaging over flrst and second differing averaging periods signal
strength measurements of at least some of the base stations taken at the mobile

stations, to provide a first averaged data of over the first averaging period and a

second averaged data over the second averaging period;

summing with first averaged data for one base station the first of two
differing hysteresis margins and summing with the second averaged data for that
base station the second of the differing hysteresis margins, to provide a first
and a second signal strength indicator respectively; |

comparing the first signal strength indicator with signal strength
measurement for at least one other base station averaged over the first
averaging period;

comparing the second signal strength indicator with signal strength
measurements for the at least one other base station averaged over the second
averaging period,

and determining on the basis of the comparisons the necessity for
handover from the first base station to the other base station or re-selection of

the first base station.

A preferred embodiment of the invention will now be described by way
of example and with reference to the accompanying drawings:

Flgure 1 shows a graph lllustratmg the variations of received slgnal
strength at a mobile station (MS) of two base stations (BS1, BS2) at points
between them, with inset a sketch illustrating the simplified arrangement of the
radio cells of the two base stations;

Figure 2 shows a graph similar to that of Figure 1 with factors. of time
averaging and hysteresis introduced;

Figure 3 is a diagram illustrating the inter-relationship of handover

parameters and handover qualities;



25 - 3) bit error rate of the communicati on between.the nobile station
and the base station, 9 4) level of interference gt—two 1= ggkho S
operating at substantially the sane frequency, 5) rel aBEme‘\QﬁNE n

measurenent of the nobile fromthe two cl osest base gt grTons. 5 3. A
cellular radio system as clained in cla_in% 1lor 2 er i'zgtljﬂlﬂggst

5 Figure 4 shows a graph of received signal strength at a mobile station of
two base stations {A, B) in a microcellular system, with inset a simplified plan of
the two radio cel.ls;

Figure 5 is a schematic block diagram of apparatus forming-part of the
preferred embodiment; '

10 Figure 6 shows a grép‘h illustrating the response of the apparatus in
Figure 5 in a microcellular environment; and '

Figure 7 is-a table comparing typically examples of averaging deléys and
hysteresis margins for conventional' systems and that of the preferred
embodiment. _

15 The base station énd mobile station transceiver equipment for the
cellular system are conventional and will not be described further. The mobile
station has signal strength measuring equipment for measuring the received
signal strength of base stations, which is likewise conventional and will not be
described further. The apparatus of the preferred embodiment additional to

20 these equipmehts is shown in Figure 5 and may be either at mobile or base
station.

The ad_ditional apparatus of the preferred embodiment has inputs {lo to
In} for receiving received signal strength data for the current cell {lp) and adjacent
cells (I; to Iy} to which the mobile station obtaining the data may be handed

25 over. Each -input I is connected. to a long term averaging unit {LTAq - LTAy) and
a short term averaging unit {STAgy - STAy). The long term averaging unit (LTAg)
provided with the data for the current communicating cell is connected to a first
summer Sy which is provided with a narrow hysteresis margin HMN' while the
short term averaging unit STAg which is also provided with the data for the

30 current communicating cell is connected to a second summer Sy provided with a
wide Hysteris Margin HM,,. The output. of the first summer Sy is connected to a
first comparator C; and the output of the second summer SW_ is connected to a
second comparator C,. The outputs of the remaining long term averaging units
(LTA, - LTAy) are selectivelyconnectable via a first switch SW,; to the first

35 comparator Cy, and the remaining short term averaging units (STA; - STAy) are



averagi ng period is several times the second averaging period. 4. A
cellular radio system as claimed in claim 1, 2 or 3 wherein the first 10

averaging period is between 10-100 tines the second averagin
A cellular radio systemas clainmed in any precedi
averaging period is substantially 20 tines the se

6. A cellular radio systemas clai med i-n any fgrdce I'ng cl ai rein
the first hysteresis margin is a significant fractlign 28 Jid

hysteresis margin. 7. A cellular radf o system y
preceding clai mwherein the first hysteresis margijn I's between 0.25 pnd
0.75 of the second hysteresis margin. 20 8. Afcel lul ar radio-system as

clainmed in any preceding claimwherein the first hysteresi's rrargln is

subst ant §al dipiler. Eortectdiee siaconditbly SVey estise saogi tomparator C,.

The outputs

of the comparators C,, C, are connected as inputs t0 an OR'gate OR1, the

10
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output of which forms a Handover signal.

Typical values for the LTA=T,, and STA=T,; and HMy=H, and
HM =H; as shown in Figure 7.

In a situation where pathloss' varies gradually, e.g. a macrocell, the
system operates in general as described above with the LTAq/Sy circuit providing
for the current cell the significant Icomparison figure which is compared in the
first c'ompérator C, with similar data for adjacent cells. When conditions for

handover occur the first comparator C, produces an output which, via the OR

gate OR1, forms a Handover initiation signal. On the other hand in a situation

where pathloss is a sudden, step function,e.g. the microcellular situation of
Figure 4, the STAYHSW circuit pp:grgtés'_to generate in the second comparator ;
C, an output which provides the signals necessary to determine handover. An
example response based on the signal patterns of 4 is shown in Figure 6. Curve
A shows the output of the second comparator C,, while curve B shows the
output of the first comparator C;. The curve A produces, (e.g. Fig. 4) an output
forming a ﬁandover request with a 1 second delay.after the sudden step function
in the RSSI of the base station BS‘] of microcell A {Figure 4), while the curve B,
i.e. comparator C,, also produces a response but some 6 seconds after the step
funct-ion occurs. Thus in the e.g. microcellular step function pathloss case the
apparatus of the preferred embodiment provides the necessary handover oh a
time scale appropriate to the circumstances.

In certain circumstances the signal may deteriorate, triggering start of
the handover process, when no suitable candidate station is available. In such a
case the handover process will id'eﬁtify the current base station BS1 as still being

the optimum, and the current cell will be reselected for re-registration.



9.° A net hod of assessing han

[ n 25ia cellular radio systemi n(ilmmﬁmjmnﬁmt 81]: %ZIQIE;E;];%:{;E; \®
H

(BS[err],

system and the nobile station (M5) has a radi o transcei
comuni cating with one or other of the baase stations (B
conprising the steps of: tinme averagi ng handover criteri
over a first averaging 30 period, tine gi ng handpver criteri
measurenents over a second averaging p ich is Felatively—short

. [4 .
BS[err]) each have a radio“transceiver serv|n
i

conpared to the first averagi ng period,

20

25

1. A cellular radio system comprising: a plurality of base
stations (BS,, BS,) each having a radio transceiver serving a
cell of the system; a mobile station (MS) having a radio
transceiver for communicating with a base stat.ion'(BSU BS,), a

first means (LTA) for time averaging first handover criterion

measurements over a first averaging period, a second means (STA)
for time averaging second handover criterion measurements over
a second averaging period which is relatively short compared to
the first averaging period, and means for assessing handover
requirements of the mobile station on the basis of the time
averaged first and second criterion measurements;
characterised by assessment means having means (S,) for
applying a first hysteresis margin (H,) to the first ‘time
averaged handover criterion measurements to prbvide' a first
handover indicator; and means (S,) for applying a second
hysteresis margin (H,), which is relatively large compared to the
first. hystereéis margin, to the second time averaged handover
criterion measurements to provide a second handover indicator;
whe_rgby relatively gradual variations in handover criterion can

be assessed using the first handover indicator and relatively sudden variations in

handover criterion can be assessed using the second handover indicator.

2. A cellular radio system as claimed in claim 1 wherein the handover
criterion is selected from:

1) signa! strength of base station at the mobile station,

2) signal strength of the mobile station at the base station,

3) bit error rate of the communication between the mobile station and the

base station,



10 and assessi ng handover req t he nobi | eRg?%Q%ENTNévEET t he
basis of the first and second ’j}l{&!’ aractjerfsed in th tihe
nmet hod conprises: applying a ffrst rrargln I-@@r.l] 9% He kine
aver aged handover criterion.nmeasurenents to providegal 5 first ha vey
i ndi cator; and applying a second hysteresig .margin {(Herr]), which is
rel at|ver | arge conpared to the first hysteresis rain,. . to the 'ruxQJ
averaged handover criterion nmeasurenents to provide a second handover
i ndi cator. 10. 4 leetlddntecteoentiengf two dlase stdionhioperatingpat sWstaraliyttbps
of : 10 eragi ng over first and second differing averagi ng peri ods
si gnal strer?@fr}‘?ﬁ\fr@ ‘%ﬁperrents of at l'east sone of the base stations
(BS[err], BS[err])s)traleeie fisthAce FRsLRSM 1 ARS mdbile FFaMitHE tﬁrofél6§ést base

averaged data over the first averaging period and a
stations.

5
3. A cellular radio system as claimed in claim 1 or 2 wherein the first

averaging period is several times the second averaging period.

4, A cellular radio system as claimed in-claim 1, 2 or 3 wherein the first

10 averaging period is between 10-100 times the second averaging period.

5. " A cellular radio system as claimed in any preceding claim wherein the first

averaging period is substantially 20 times the second averaging period.

15 6. A cellular radid system as claimed in any preceding claim wherein the first

hysteresis margin is a significant fraction of the second hysteresis margin.

7. A cellular radio system as claimed in any preceding claim vherein the first
hysteresis margin is between 0.25 and 0.75 of the second hysteresis margin.

20 _'
8. A cellular radio system as claimed in any preceding claim wherein the first

hysteresis margin is substantially 0.5 of the second hysteresis margin.

9. . A method of ‘assessing handover requirements of a mobile station (MS) in
25 a cellular radid system in which a b]u_rality of base stations (BS;, BS,) each have a
. radio transceiver serving a cell of the system and the mobile station {MS) has a
radio transceiver for communicating with one or other of the base stations (BS;,

BS,), comprising the steps of:
time averaging handover criterion measurements over a first averaging

30 period,

time averaging handover criterion measurements over a second averag-ing.

period which is relatively short compared to the first averaging period,'



averaged data for one b ]) the fijrgr-of—I5—two qif|fering

hysteresis margins (H err]) cand th the sgcqnd) gvgyqomdgdat 4 for

that base station (BS[err]) the second of .the diffgrijng hysteresi s |ngrgins

(Herr]), to provide a first and a second 19 gnal stjrengTh rndicato

respectively; conparing the first signal strength ijndicator with signal

strength neasurenent. for at |east one other base station (B9 err'\Jlé)t ver aged
pae

over the first 20 2%\ @i%§Fing Rradrver: ressipmenty of ibe JBelled statignal nGeh
i ndi cat or W&gl§%gﬂmlflr§{£?%£ng‘%ﬁ§¥u?gﬂ?& .for the at least one other base

station (BS[err]) averaged over e ‘'secon éveragl ng period, and
~.determ ning on theHhaasiteriseld inhehaxotheamiesioos coheprisesiessplyingf ar first hysteresis

second averaged data ovgmf, ?}Hﬁimmaveragl ng peri oBEPla‘LGEMEl\H WHERT fli r st

margin (H;) to the time averaged handover criterion measurements to provide a
5 first handover indicator; and applying a secend hysteresis margin {H,), which is
relatively large compared to the first hysteresis margin, to the time averaged

handover criterion measurements to provide a second handover indicator.

10. A method according to claim' 9 which Eomprises the steps of:
- 10 averaging over first and second differing averaging periods signal strength
| measurements of at least some of the base stations {BS,;, BS,) taken at the mobile
stations, to provide a first averaged data over the first averaging period and a
second averaged data over the second averaging period;
summing with first averaged data for one base station (BS;) the first of
15 two differing hysteresis margins (H,;} and éumming with the second averaged data
for that base station (BS,) the second of the differing hysteresis margins (Hj), to
provide a first and a second signal strength indicator respectively;
comparing the first signal strength indicator with signal strength
measurement for at least one other base station (BS,;) averaged over the first
20 averagmg period;
comparing the second s:gnal strength indicator wuth signal strength
measurements for the at least one other base station (BS,) averaged over the
second averaging period, .
_and determining on th_e basis- of the comparisons the necessity for
25 handover from the first base statioﬁ {BS,) to the other base station (BS,} or

re-selection of the first base station (8S,).

11. A method according to claim 9 or 10, wherein the handover criterion is
selected from:
30 1) signal-strength of base station at the mobile station,
* 2) signal strength of the mobile station at the.basé station,
3) bit error rate of the communication between the mobile station and the

base station,
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4) level of interference of two base stations operating at substant:ally the

same frequency,

.5) relative distance measurement of the mobile from the two closest base

stations.

12. A method according to claim 9,' 10 or 11, wherein the first averaging

period is several times the second averaging period.:

13. A method according to claim 9, 10, 11 or 12, wherein the first averaging

period is between 10-100 times the second averaging period.’

14, A method according to claim 9, 10, 11, 12 or 13, wherein the first

averaging period is substantially 20 times the second averaging period.

15. A method according to claim 8, 10, 11, 12, 13, or 14, wherein the first

hysteresis margin is a significant fraction of the second hysteresis margin.

16. A method.according to claim 9, 10, 11, 12, 13, 14 or 15, wherein the

first hysteresis margin is between 0.25 and 0.75 of the second hysteresis margin.

17. A method according to claim 9, 10, 11, 12, 13, 14, 15 or 16, wherein the

first hysteresis margin is substantially 0.5 of the second hysteresis margin.

the mohile station andlthe base
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