5 CELLULAR RADI O 10 The present invention relates to:cellular radio,
and in particular, although not exclusively, to a ceIIuIar(Eéﬂtn:ﬂEiVém
havi ng over !l appi ng macrocells and microcells. A conventional ceIIuIa(fradlo
system has a nunber of radi o base stations each serving a respective radio
15 coverage area or cell, with which a nobile radio station can

communi cate over a radio link. As a mobil e station noves fromone cell to
the next, the communication link is tranSferred fromthe 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 determ ned on the basis of
one or nore criteria. Coormonly used criteria are: 1) received signal
strength indication (RSSty—of the nobile at the base station, or base

stations at a nobile station, 25 2) relative distance neasurenent of
the nobile fromthe two.closest b | ) level of interference
fromthe nearest base station opeggﬁggéﬂggggﬁgugane frequency, and 4) in
digital systens, bit error rate (BER). 30 The cell s of conventi onal
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to as "nm coackild s"bade| estationsat paechy Isa:agé.,n§oraat | respacti wal vm-alhare
cellslgre %%#HLJ&ZGLESQ %Egéll 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 the present base station to fhe next base
station using a procedure known as hand-over or hand-off.
20 The need for hand-over is usually_detefmined 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) level of interference from the nearest base station {
operating 6n the same frequency, and
4) in digital systems, bit error rate (BER).

30 The cells of conventional cellular radio systems arxe
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



¢ -2- "macrocel | s*. These terms do not indicate absolute size limtations
but rather reflect the relative size of these two cell types.

M crgcel lul ar radi o systenms shoul d provide a better frequency re-use and
hence=greater user density. 5 Proposal s for mcrocellular systens
suggest their application to road network, for exanple notorways where

hi gh speed nobile stations will pass through a mcrocell very quickly.
This nmeans that the tinme available for negsur enent of a handover criterion,
e.g. RSSI, BER or 10 interference level; for use in a hand-over decision

S I|mted Furthernore, the radio coverage of mcrocells is subject to
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Taking RSSI as an example of a possible handover
15 criterion in the handpver decision or cell res_eleétion for
o 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 ché_nging distance of the
mobile from a base station. Considering a simplified
_20 situation, see inset sketch. in Figure 1, where a mobile
| station MS move_s' 'betw_e'en two cells served respectively by
, base stations BS1 and BS_Z, the received signal strength of
N the two base stations at the mobile station varies not only
with distance, _i.e.' dimiﬁ_ishes due to path loss, but also
25 varies with fast (Réyleigh) fading and shadowing, see graph
' in PFigure 1. In this simplified example the ’ideal’ point
for handover is half way bétween the base 's_t_ation where the
RSSI for both base stations is the same - where their
iaathloss curves intersect. Howev_ér the effects of fading
30 and shadowing lead to uncertainty of the level of RSSI and
to pathloss, 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 tin_ie averaging does introduce a
3s - delay, referred to as the time averaging delay, into the



the RSSIs the effect of fadi ng and shadowi ng can to sone extent be’
overconme. This tinme averagi ng does introduce a 35 delay, referred to_as

the time averaging delay, into the -3- handover/cell reselection ,__;
process. The situation is further conplicated, however, because if ~~
handover occurs where the averaged values for RSSI are the sane there is-a
significant probability that variation in the nonentary 5 ~ levels will be

sufficient to trigger the systemto nake an3uﬁnecessary handover back to
the original base station. To reduce the probability of such '
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of the order ot:BRbEFHed hu?l’éﬁ’éﬂl?reﬁ%s ‘%‘isg i?oosmmtlpes?imeAvéiaging
peri od Tand Hel£€ién to the idealised situation of PFigure 1, in

- Figure 2 the path loss curve for BSI is shown offset by a
o hysteresis element H, with the result that the intersecticn_
© 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 ('I') 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 dev:.ation (Se)
" of RSSIs varies with the Averaging period T; the hysteresis
margin H is a function of Sd, and frequency of prohability’_
of unnecessary handover Pu; and Handover delay D is_the sum L
‘6f the Averaging Delay and Hysteris delay. _ For macrocells o
25 of a few kilometres diameter where the Handover Delay in |
" - aistance terms is of the order of several hundred metres_.
e g. 700-800 metres, the Averaging period T and Hysteris
" margin H could typically be 'I' = 10 secs and H = 7dB Such
criterion can provide satisfactory_ results in a macrocell
30 'env:.ronment however if applied to a microcell context
' problems 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 "igure 4. As indicated in the ins_e_t



margin H ceuld:typically be T = 10 secs-and.H - 7dB. Such criterion can.
provi de Satisfactory results in a“nacrocell 30 envi ronnent-* honever--i f
appljed to a mcrocell context problenms occur. In a mcrocellular
“envidgnment | arge variations of signal |evel, and hence RSS1 of a base
station at a nobile station, occur over relatively short distances, as
shown by 35 t he exanpl e graph in Figure 4. As indicated in the inset

-4- sketch in Figure 4, m¢rocells A+ B gverlap at+a road j unction, and
general ly provide coverage over only their respective road. When a nobile
M5 noves fromthe road served by .base station Ainto the.road served by
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hysteresi S ”@ighnat QeEEQltamaaisr §9§Qem which seeks to cope with such
microcellular situations 'w,hile still maintaining the
quality of handover contxol in macrocellular situations.
' According to a first aspect the present ~invention
15 provides a cellular radio 's"yste'm comprising: a plurality of
base stations each h'aving" 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 hav_ing on the one
'20 'hand first means for time averaging handover criterion
measurements over a first averaging period, means for
applying a first hysteres:.s margin to the time averaged
(2 handover criterion measur_em_ents to provide a £irst handover
' ‘indicator, and having on the other hand a second means for
25 time averaging handovet 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 indicatox, 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 _h_andover criterion



handover criterion nmeasurenents to provide a first handover indicator, and
havi ng on the other hand a second neans for 25 time averaging handover
criterion neasurenents over a second averaging period which is relatuggjy
short conpared to the first averaging period, and neans for applying a
second hysteresis margin, which is relatively |arge conpared to the
first hysteresis nmargin, to the tinme 30 geraged handover criterion
nmeasurenents to provide a second handover”indicator, and neans for
assessi ng handover requirenents of the nobile station on the basis of the
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vari ati ons of receixe [ (nm8) of two basé
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of tine averaglngogggngzste&%gki |ntroduced |
| Figure 1 shows a graph illustrating the variations of"
received signal strength at a mobile station (ms) of two
' base stations . (BSI BSZ) at points between themn, With inset
15 a sketoh 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
26" inter- relationship of handover parameters and handover
- qualities,
Figure 4 shows a graph of reoeived signal strength at
a mobile' station of two base stations (A, -B) in a |
'microcellular system, With inset a simplified plan of the
25 two radio cells, ' -
B Figure 5 is a schematic blook 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 miorocellular enyironment,-
30  and _—
' ' Figure 7 is a table comparing typically examples of'
"'averaging delays and hysteresis margins for conventional
systems and that of the prefered embodinent. .
The base station and mohile station transceiver
35'”'equipment for the cellular system are conventional and will



Fi gure 3 is a diagram |Ilustratrng - the 20 Inter-relationship
of handover paraneters and handover qual ities; Figure 4 shows a graph of
recei ved signal strength at a nobile station of two base stations (A,
B) %% a microcel lular system with inset a sinplified plan of the 25 _
two radio cells; Figure 5 is a schematic bl ock di agram of apparatus form ng
part of the preferred enbodi ment; Figure 6 shows a graph illustrating the
response of the apparatus i'n F|gure 5 in @ microceflular environment; 30
and Figure 7 is a table conparing typically exanples of averaging delays
and hysteresis margins for conventional systens and that of the prefered
embodi nent. Het baséessriabedn fuamtexiobiThe @ohilenstamamnxﬁasﬂsfﬁhal
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described furt S signa th feasur ng
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recei vi ng re%&r\ﬁea% og_}rength 10 data tor the current cell (ertr)
and adj acent Cel (err K% whi ch the nobile station obtaini ng the data may

be handed over. dmonalr Apparrtusdof othe| mrgftemmdam!aymgenmt
(err) and a ?Jl%"&nb%ﬁ:@ WEAINY EStlreceiving received signal strength

(L 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 (LTA, - 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 p:évided 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 s_econd summer
20 S, provided with a wide Hysteris Margin HM,. The o_u._tput. of
the first summer S, is connected to a first comparator C,
and the output of the second summer S, is connected to a
'\,( : second comparator C,. The outputs of the remaini_ng'l_o'ng term
‘averaging units (LTA;, - LTA,) are selective connectable via
25 a first switch SW, to the first comparator _ci,' and the
remaining short term averaging units (STA, - STA,) 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 OR1l, 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 s:.tuat:.on where pathloss varies g:adually, e. g.
a macrocell, the system coperates _general as described abo_ve
35 with LTA/HM, cirguit providing for the current cell the
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(err). The long termaveraging unit [err] provided I5 with the€ data for the
current communicating cell is connected to a first sunmer [err] which |;
provided with a narrow hysteresis margin [err] while the short term. ’g%

| averaging unit [err] which is also provided with the data for the current
|~ comuni cating cell is connected to a second surmer 20 [err] provided W|th
a wde Hysteris Margin [err]. The output. of_the first sumrer SN is
connected to a first conparator Cl and the Bufput of the second summer .

[err] is connected to a second conparator [err] The out puts of the .

remai ni ng Iong term.averagin | er tiy
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det er i ne handé?EParatRﬁ A curve B shows t ut. o s
comparator C 'I'he curve A produces, (e. g- Fig. 4) an

output fomng a handover request ‘with a 1 second delay;

e

after the sudden step function ‘in the RSSI of the base- :

© 15 station A (Figure 4), while the curve B, i. e. comparator Cyr
Co also produces a response hut some 6 seconds. after the step: |
_'funct:.on occurs Thus in the, e.g. . microcellular step-_
| 'funct;.on pathloss case the apparatus of the preferred
embodiment provides the necessary handover on a time scale
20 appropr:.ate to the c:.rcumstanees. ' '



- exanpl e response based on‘the signal patterns of 4 is shown 10 in Figure
6. Curve A shows the output of the second conparator [err] while curve B
shows; t-he output of the first conparator [err] The curve A produces,
(e.g.%Fig. 4) an output form ng a handover request with a 1 second del ay
after the sudden step function in the RSSI of the base 15 station A
(Figure 4), while the curve B, i. e. conparator C2, also produces a
response but some 6 seconds: after the stgpafynctiqnﬂpccurs. Thus in the,
e.g. mcrocellular step function pathl oss case the apparatus of the
preferred enbodi ment provides the necessary handover on a tine scale 20

appropriate to the circunstances. CLALNE A cellular radio system
. conprising: a plurality of base statio havi ng a radio transceiver
serving a cell of the system a nobile station having a radio

transceiver {or RORBIIWAIY NGadfo RIGTenS!EébhpPPisinghnd £h§§-.ﬁ££\§§.@t§‘3dof’y
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first .and’ seqqnd,papglgyer iﬂcﬁs@tl?égdcwfrggﬁég-ggzi;\éels)/ecbnd'means for
time averaging handover criterion 'measurements: over a
second averaging p_eri'od which is relatively short compared
to the first averaging period, and means for applying a
Second hysteresis margin, which is i'ela_tively large
compared to the first hysteresis nia.rgin, to the second time
averaged handover criterion measurements .to provide a
second handover indicator; and means for éssé-éing handover
requirements of the mobile station on the basis of the
first and second handover indicators; whereby rélatively
gradual variations in handover criterion can be assessed
and relatively sudden variations in handover criterion can

e also be assessed.

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

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

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

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

* c L M S *



gradual vari-ations in handover criterion can be -assessed and relatrvely -

sudden vari at

cellular radio systemas clainmed in claim1 wherein the handover criterfTan
is selected from 1) signal strength of base station at the nobile stai%ﬁm,
ength of the nobile station at the base station, 3) bit error
ommuni cati on between the nobile station and the base station,
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times the sec
in any precee
fraction of t

cl ai ned ‘i n anwhereigedthg chiasm viveradiwg f pesiolly isr severadr Giimds the .

bet ween 0. 25
radi o system

ond averaging period. 6. A cellular radio systemas clained

i ng clai re the first hysteresis margin i.s_a_ significant
se&)nilerq'rij\’n -%Fe§!a§"'ﬁa'rsg¥srﬁ =y as ﬂlEélmlelﬂga*n_rS&Pbms t@Fn &s

d Q.75 of . the ond hysteresis margin. 8. - A-cellular
o hefbrddhd WpbledTg 0 O 0

4. A'celluléf'rédio system és_claiqed'in ciaih 1, 2or3

' wherein the first averaging period is between 10-100 times

the second averaging period.
5. A'céliular radio system §s'diaimed in any preceding
claim wherein the first averaging period is substantially

20 times the second ave:aging:pexxdd.

6. A Celluiéf'radid system é§ ciaiﬁed inhahf preceeding

¢laim where the'first'hysterééiéfga:gin'is a significant

fraction of the Sécona hystéreéisuma:ging

7. A cellular radio systém.aé claiﬁédlin any'preégeding-

claim where the first hysteresis-margin is between 0.25 and

0. 75 of the second hysteresis margin.

8. A cellular radio systém aé.ﬁi#;ﬁéd ih:any preéeeding

_cléim wherein the first hysté;esié margin_is suhstantiall?'

0.5 of the second hyéteresis margin.

9. A method of assessing handover :réquirémgpts of a
mobile station in a cellular radio system in which a
plurality of base stations_each'have aj:ﬁdio'transceivef
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:

il oM s o
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claimwherein the first hysteresis margin. is substantially 0.5 of the
second hysteresis -margin. 9, A et hod of assessing handover requirenents
of & nobile station in a cellular radio systemin which a plurality of base
st abi-Ons each have a radio transceiver serving a cell of the system and
the nobile station has a radio transceiver for comunicating with one or

ot her of the base stations, comprising the steps of: ti me averaging
handover criterion neasurepents over a fjqsi averagi ng period, and
applying a first hysteresis margin to the tine averaged handover criterion
measurenments to provide a first handover indicator; time averagi ng handover

CL it ;er ion rreaz u: Q‘II?LE Saf@ﬁgﬁgeemmb@&er@agwmﬁé iﬁhm#ehehésrsbata-i yely
sSnor conpar.g 0 e IS aver.adgl ng ro .an ap I a Secon

Pyt b ool o it STRFRRLRY DAy o) 3h8 ORI sATr B0 HGAH S FepesLs
hysteresi s margim tootheetimeraveragedhamioverrcxitéri onmearasemenest s

0 DL i A 5 R Sl

Ny sSi ng handover requirenents
of the nobile asis of th Qﬁééﬁgghd second handover

i ndi cators. 10. t&Nﬁﬂﬂﬂﬁfﬁi&ﬁﬂwﬁﬁﬂ§QXfRHQﬁ#ﬁQF%ﬁﬂ(ﬂﬁ%ﬁﬁﬁ#$§%§stﬂﬁe§téps
of ! averagi R@cdH avidrlgidy pea @l whildheiigN G-\ WRIHAER I 66+© (SombaRad
strength neasuregent of at |east, sone of the base statiqgns taken at éhe
mobi | e st at it8nstREo %ﬁ?dé“?‘ﬁ?jﬁga FR dAPE ofPBvdFBhedsRPERRE
aver agi ng payseéresdsa mecpin, avkiefjedsdatel atdorelhel apgeciconpargi ngo
period; sumyng i ra ta,for.one.base stat| ger of
t wo differrgbehfg%%?égﬁé%%ﬁgéﬁﬁs%§%8q§hnﬁphgﬁg<%£§; aé%f&é&&'ﬁiﬁh&éiﬁ
&M, o criterion measurements to provide a second handover
ihdicator; ' -
assessing handover requirements 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 &ifiering 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 longer averaging
_ period; |

\or a summing with first averaged data for one bhase station
the larger of two differing hysteresis margins and summing
with the second averaged data for that base station the
smaller of the differing hysteresis margins, to provide a
first and a second signal strength indicator raspectivelf;
comparing the first signgi strength indicator with
signal strength measurement for at least one other base

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

‘station averaged over the latger averaging period}

R R



with the second averaged data for that base statfon'fhe smal | er of 't he
differing hysteresis margins, to provide a first and a second signal —~

strength indicator respectively; conparing the first signal strength - i ¥

i ndicator with signal strength neasurenent for at |east one other base =
station averaged over the shorter averaging period; conparing the second

~ signal strength indicator with signal strength neasurenents for at |east.
- one other base station averaged over the? g’g

and determning on the basis of the conparisons the necessity for

oo “eystem subsfal Gy 8 (hE 1M B e Fhppdligiald Lag

t he acconpanylngcesawﬁwgs.fgz handoved ofOEete¢mih|ngrmmmﬂbqetlon cefor

re-sel ection SEQSEQSEE%EEEi%%.here'” described, and with reference to the

acconpanyi ng draw n

11. A cellular radio system substantially as herein
described,'and with'referenee;tontheeeceonpenying drawings.

12, A methcd of determining handover or cell re-selectien
'substantzally as herein desc:ibed, and with reference to
" the accompanyzng drawzngs ' '
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