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SCOPE

This recommendation specifies the Radio sub-system |ink
control inplenented in the Mbile Station (M5), Base Station
(BS) and Mobile Switching Centre (MSC) of the GSM system

GENERAL :

The radi o sub-system link control aspects that are addressed
are as follows :

- Handover

- RF Power contro

- Radio link Failure

- Cell selection and re-selection in |Idl e node.

Handover is required to nmaintain a call in progress as a M
passes from one cell coverage area to another and may al so be
enpl oyed to neet network nmanagenent requirenents, e.g. relief
of congesti on.

Handover may occur during a call from TCH to TCH, it may al so
occur from DCCH to DCCH, e.g. during the initial signaling
period at call set-up

The handover may be either from a channel on one cell to

anot her channel on a surrounding cell, or between channels on
the same cell. Exanples are given of handover strategies,
however, these will be determined in detail by the network
operat or.

Adaptive control of the RF transmt power from an M5 and
optionally from the BS is inplenented in order to optimze the
uplink and downlink perfornmance and mnimse the effects of
co-channel interference in the system

The criteria for determining radio link failure are specified
in order to ensure that calls which fail either from | oss of
radi o coverage or unacceptable interference are satisfactorily
handl ed by the network. Radio link failure may result in
either re-establishnent or release of the call in progress.

Procedures for cell selection and re-selection whilst in Idle
node (i.e not actively processing a call) , are specified in
order to ensure that a nobile is canped on a cell with which
it can reliably communicate on both the radio uplink and
downl i nk.

Informati on signalled between the M5 and BS is sunmarised in
Tables 1 and 2. A full specification of the Layer 1 header is
given in GSM Recommendation 04.04, and of the Layer 3 fields
in GSM Reconmendati on 04. 08.
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3.

HANDOVER :

3.1 OVERALL PROCESS

3.3

3.4

The overall handover process is inplenented in the M5 BS and
MBC. Measurenent of radio subsystem downlink performance and
signal strengths received from surrounding cells, is made in
the M5. These neasurenents are signalled to the BS for
assessnment. The BS neasures the uplink performance for the M
bei ng served and al so assesses the signal strength of
interference on its idle traffic channels. Initial assessnent
of the neasurenents in conjunction with defined thresholds
and handover strategy nay be perfornmed in the BS. Assessnent
requiring neasurenment results from other BSS or other
information resident in the MSC, may be perforned in the MSC

GSM Recommendati on 03.09 describes the handover procedures to
be used in PLM\s.

M5 MEASUREMENT PROCEDURE :

A procedure shall be inplenmented in the M5 by which it
nmonitors the downlink RX signal level and quality fromits
serving cell and the downlink RX signal |evel and BSIC of
surrounding BSs. The nethod of identification of surrounding
BSS is described in Section 7.2. The requirenents for the M
measurenents are given in section 8.1

BS MEASUREMENT PROCEDURE :

A procedure shall be inplenmented in the BS by which it
monitors the uplink RX signal level and quality from each M5
being served by the cell. A procedure shall be inplenented by
which the BS nonitors the levels of interference on its idle
traffic channels.

STRATEGY

The handover strategy enployed by the network for radio |ink
control determ nes the handover decision that will be nade
based on the neasurenent results reported by the MS/BS and
various paraneters set for each cell. Network directed
handover nmay also occur for reasons other than radio |ink
control, e.g. to control traffic distribution between cells.
The exact handover strategies will be determned by the
network operator, a detailed exanple of a basic overal

al gorithm appears in Appendix A Possible types of handover
are as follows :
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Inter-cell handover

Intercell handover from the serving cell to a surroundi ng
cell will normally occur either when the handover

measur enents show | ow RXLEV and/or RXQUAL on the current
serving cell and a better RXLEV available from a surrounding
cell, or when a surrounding cell allows comunication with a
lower TX power level. This typically indicates that an M5
that is on the border of the cell area.

Intra-cell handover

Intra-cell handover from one channel/timeslot in the serving
cell to another channel/timeslot in the sanme cell wll
normal ly be performed if the handover nmeasurenents show a | ow
RXQUAL, but a high RXLEV on the serving cell. This indicates
a degradation of quality caused by interference even though
the M5 is situated within the serving cell. The intra-cell
handover should provide a channel with a |lower |evel of
interference. Intra-cell handover can occur either to a
timeslot on a new carrier or to a different timeslot on the
same carrier

GSM Recommendati on 08.08 defines the causes for handover that
may be signalled from BS to NMSC

4. RF PONER CONTROL :
4.1 OVERALL PROCESS

RF power control is enployed to mnimse the transmt power
required by M5 or BS whilst maintaining the quality of the
radio links. By mnimzing the transmt power |evels,
interference to co-channel users is reduced.

4.2 N5 | MPLEMENTATI ON :

RF power control shall. be inplenented in the M.

The RF power |level to be enployed by the M5 is indicated by
means of the 5 bit TXPWR field sent either in the layer 1
header of each downlink SACCH nessage block, or in a

dedi cated signaling block.

The M5 shall confirm the power level that it is currently

enpl oying by setting the M5 TXPWR CONF field in the uplink
SACCH L1 header to its current power setting. The val ue of
this field shall be the power setting actually used by the
mobile for the last burst of the previous SACCH peri od.

The M5 shall enploy the nost recently commanded RF power

| evel appropriate to the channel for all transmtted bursts
on either a TCH (including handover access burst) , FACCH
SACCH or SDCCH.
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When accessing a cell on the RACH (random access) and before
receiving the first power command during a comunication on a
DCCH or TCH (after an | MVEDI ATE ASSI GNMENT), the MS shall use
either the power level defined by the M5 TXPWR_MAX CCH

par anet er broadcast on the BCCH of the cell, or the maxinum
TXPWR of the M5 as defined by its power class, whichever is
the | ower.

4.3 M5 PONER CONTROL RANGE :

The range over which a Ms shall be capable of varying its RF
out put power shall be fromits maxi num output down to 20nmW,
in steps of nomnally 2dB

GSM Reconmmendation 05.05 gives a detailed definition of the
RF power level step size and tol erances.

4.4 BS | MPLEMENTATI ON :
RF power control may be optionally inplenmented in the BS.
4.5 BS POAER CONTROL RANCE :

The range over which the BS shall be capable of reducing its
RF output power fromits maxi num | evel shall be nomnally
30dB, in 15 steps of nomnally 2dB

GSM Reconmmendation 05.05 gives a detailed definition of the
RF power level step size and tol erances.

4.6 STRATEGY :

The RF power control strategy enployed by the network
determ nes the TXPWR command that is signalled to the M, and
the RF power level that is enployed by the BS

The RF power |evel to be enployed in each case will be based
on the neasurenent results reported by the MS/Bs and various
paraneters set for each cell. The exact strategies will be
determ ned by the network operator. A detailed exanple of a
basic al gorithm appears in Appendi x A

4.7 TIMNG :
Upon receipt of a command from the SACCH to change its RF

power |evel (TXpPwR field) the M5 shall change to the new
level at a rate of one nomi nal 2dB power step every 60nms (13

TDMA franmes) , i.e. a full range change of 15 steps should

t ake about 900ns . The change shall comence at the first
TDVA frane belonging to the next reporting period (as
specified in 8.4) . The M shall change the power one nom nal
2 dB step at atine, at a rate of one step every 60 ns
following the initial change, irrespective of whether actual

transm ssion takes place or not.

In case of channel change the commanded power I|evel shall be
applied on the new channel i nmediately.
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5.1

5.2

5.3

RADI O LI NK FAI LURE :
CRI TERI ON :

The criterion for determining Radio Link Failure in the M
shall be based on the success rate of decoding nessages on
the downlink SACCH.

M5 PROCEDURE

The radio link failure criterion is based on the radio link
counter S. |If the M5B is unable to decode a SACCH nessage, S
is decreased by 1. In the case of a successful reception of a
SACCH nessage S is increased by 2. In any case S shall not
exceed the value of RADIO LINK TIMEQUT. If S reaches O a
radio link failure shall be declared. The action to be taken
is specified in GSM Recommendati on 04.08. The

RADI O LINK TIMEQUT paraneter is transmtted by each BS in the
BCCH data (see Table 1)

Note: The MS shall continue transmtting as nornmal on the
uplink until S reaches O

The algorithm shall start after the assignnent of a dedicated
channel and S shall be initialized to RAD O_LI NK_TI MEQUT

{The aim of determning radio link failure in the M5 is to
ensure that calls wth unacceptable voice/data quality, which
cannot be inproved either by RF power control or handover

are either re—established or released in a defined manner. In
general the paranmeters that control the forced release should
be set such that the forced release wll not normally occur
until the call has degraded to a quality below that at which
the majority of subscribers would have manually rel eased.

This ensures that, for exanple, a call on the edge of a radio
coverage area, although of bad quality, can usually be
completed if the subscriber w shes. }

BS PROCEDURE :

The criteria for determning radio link failure in the BS
shoul d be based upon either the error rate on the uplink
SACCH or on RXLEV/ RXQUAL neasurenents of the MS. The exact
criteria to be enployed shall be determ ned by the network
operat or.
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CELL SELECTI ON AND RE- SELECTI ON

6.1 OQverall process

Whilst in Idle node (i.e. not engaged in conmmunicating with a BS), an M
shal | inplenent the cell selection and re-selection procedures described in
this section

The procedures ensure that the Ms is canped on a cell fromwhich it can
reliably decode downlink data and with which it has a high probability of
comuni cations on the uplink. The choice of cell is determ ned by the path
loss criterion in section 6.4. Once the Ms is canped on a cell, access to
the network is allowed.

Definitions

An available PLMN is one for which the M5 has found at |east one cell which
is unbarred according to the value of Cell_bar_access and which has
the paraneter O (see section 6.4) greater than O

A suitable cell is one which:
- |Is part of the selected PLMN
- |s unbarred
- Has the parameter d >0

An MS is said to be canped on a cell when it has deternined that the cel
is suitable (i.e. the conditions specified in Section 6.2 are satisfied)
and stays tuned to a BCCH + CCCH of that cell. While canped on a cell, an
M5 may receive pagi ng nmessages or under certain conditions nake random
access attenpts on a RACH of that cell, and read BCCH data from that cell

The Ms shall not use the discontinuous reception (DRX) npde of

operation (i.e. powering itself down when it is not expecting paging
nessages fromthe network) while performng the algorithm of sections 6.2
and 6.3. However use of powering down is permitted at all other tinmes

in ide node.

For the purposes of cell selection and reselection, the M5 is required to
mai ntai n an average of received signal strengths for all nonitored
frequencies . These quantities termed the “receive |level averages”, shall be
unwei ghed averages of the received signal strengths neasured in dBm

The cell selection and reselection procedures nake use of the
"BCCH Allocation” (Ba) list. There are in fact two BA |ists which may or
may not be identical, depending on choices nmade by the PLMN operator.

(i) BA (BccH) - This is the Ba sent in System Information Messages on the
BCCH. It is the list of BCCH carriers in use by a given PLMN in a
gi ven geographical area. It is used by the M5 in cell selection and
resel ection .

(ii) BA (saccH) - This is the BA sent in System Informati on Messages on
the SACCH and indicates to the M5 which BCCH carriers are to be
noni tored for handover purposes (see Section 7 & 8)

Note: When the M5 goes on to a TCH or spccH, it shall start nonitoring BCCH
carriers in Ba (BCcCH) until it gets its first Ba (SaccH) nessage
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Note: The Access Control Class bit (See GSMrec 04.08) has no inpact on the

algorithns in section 6 i.e. the MS shall canp on the cell indicated
by the algorithm even if the relevant Access Control Class bit is
set.

6.2 Cell Selection - No BccH Information Avail able

An MS which is not currently canped on a cell (e.g. at switch-on) shall, in
the case where it has no BCCH information stored, performthe follow ng
al gorithm

However, if no SIMis present, the MS shall instead performthe algorithm
of section 6.8.

The MsS shall search all 124 RF channels in the GSM system take readi ngs of
received RF signal strength on each RF channel, and cal cul ate the received
I evel average for each. The averaging is based on at |east five measurenent
sanples per RF carrier spread over 3 to 5 s, the measurenent sanples from

the different RF carriers being spread evenly during this period.

The Ms shall tune to the carrier with the highest average received

| evel and determ ne whether or not this carrier is a BCCH carrier (e.g. by
searching for frequency correction bursts). If it is a searching for fr
shall attenpt to synchronize to this carrier and read the BCCH data. The MS
shall canp on the cell provided it can successfully decode the BCCH data
and this data indicates that the cell is suitable . (If the cell is part of
the selected PLWMN but is not suitable, the Ms shall use the BCCH Allocation
obtained fromthis cell and subsequently only search these BCCH carriers.

If the cell is not part of the selected pPLMN, the PLMN identity shall be
noted for use in any subsequent PLMN reselection. ) Qherw se the M5 shal
tune to the next highest carrier etc.

{ CELL_BAR_ACCESS may be employed to bar a cell that is onlyintended to
handl e handover traffic etc. A typical exanple of this could be an unbrella
cell which enconpasses a nunber of microcells. }

If at | east the 30 strongest RF channels have been tried, but no suitable
cellhas been found, provided the RF channels which have been searched
include at Ieast one BCCH carrier, the available PLMNs shall be presented
to the user according to the requirements of GSM Rec 02.11, and the

al gorithm of section 6.8 shall be performed, otherw se nore RF channels
shall be searched until at |east one BCCH carrier is found

{30 RF channels are specified to give a high probability of finding al
suitabl e PLMNs, w thout making the process take too |long.}

{Not e: If extra frequencies are defined for the GSM system which are
allowed to carry BCCH data, then this algorithmmy need to be
anended. }

GSM reconmendati on 02.11 describes the requirenents for PLWN sel ection. The
| ocati on updating procedure is defined in GSM Reconmendati on 04.08 and the
| ocation area identification (LAI) is defined in GSM Reconmmendati on 03. 03.
Whenever a new PLMN is selected (according to the procedures in GSM
recommendation 02.11) the MS shall canp on a suitable cell of the new PLWN
i f possible.
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6.3 Cell selection - BeccH Information Available

The M5 may include optional storage of BCCH carrier information

when switched off. For exanple, the M5 may store the BCCH carriers in

use by the PLMN sel ected when it was |ast active in the GSM network. A

M5 may al so store BCCH carriers for nore than one PLMN which it has

sel ected previously (e.g. at national borders or when nore than one PLWN
serves a country) , in which case the BCCH carrier lists nust be kept quite
separ at e.

If an M5 includes a BCCH carrier list of the selected PLMN it shall perform
the sane algorithmas in section 6.2 except that only the BCCH carriers in
the list need to be searched

If an M5 decodes BccH data froma cell of the selected PLMN but is unable
to canmp on that cell, the BA of that cell shall be exam ned. Any BccCH
carriers in the BA which are not in the M8 s |list of BCCH carriers to be
searched shall be added to the I|ist.

If no suitable cell has been found after all the BCCH carriers in the |ist
have been searched, the M5 shall perform the algorithm of section 6.2, i.e.
acting as if there were no stored BCCH carrier information. Since

i nformati on concerning a nunber of channels is already known to the M5, it
may assign high priority to neasurenents on those of the 30 strongest
carriers fromwhich it has not previously made attenpts to obtain BCCH
information, and onit repeated neasurenents on the known ones

The BCCH carrier list for a given PLMN stored in an MS shall be reset and
updated whenever the M5, canping on a BCCH carrier, retrieves new BCCH data
from that PLMN.

6.4 Path Loss Criterion for Cell Selection and Resel ection

The path loss criterion parameter C used for cell selection and
resel ection is defined by:

ad = (A - Max(B,0))

where A
B

Received Level Averaae - RXLEV_ACCESS M N
MS_TXPWR_MAX_CCH - P

1

RXLEV ACCESS_MIN = M ninmum received |evel at the
M5 required for access to the
system

Maxi mum TXPWR | evel an MS may
use when accessing the system
until otherw se conmanded

MS_TXPWR_MAX_CCH

P = Maxi mum RF output power of the M
All values are expressed indBm
{This paraneter ic used to ensure that the MS is canped on the cel

with which it has the highest probability of successful comunication on
uplink and downlirk. }
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6.5 Downlink Signaling Failure

The downlink signaling failure criterion is based on the downlink
signaling failure counter DSC. When the MS canps on a cell, DSC shall be
initialized to a value equal to the nearest integer to 90/N where N is the
BS_PA MFRMS paraneter for that cell (see GSM Rec 05.02). Thereafter
whenever the MS attenpts to decode a nessage in its paging subchannel; |f a
message i s successfully decoded DSC is increased by 1, (however never
beyond the nearest integer to 90/N), otherwise DSc is decreased by 4. Wen
DSC reaches O, a downlink signaling failure shall be declared.

{The network sends the pagi ng subchannel for a given MS every BS PA MFRMS
multiframes. The network is required to send a valid signaling franme in
every bl ock of every pagi ng subchannel (see GsM Rec 04.08), and the MSis
required to attenpt to decode a nmessage every time its paging subchannel i s
sent. }

Downl i nk signaling failure shall result in cell reselection. (See section
6. 6)

6.6 Cell Reselection in Idle Mde
6.6.1 Mnitoring of Received Level and BCCH data

Whilst in Idle Mode an MS shall continue to nonitor all BCCH carriers as
i ndicated by the BccH Allocation (BA - See Table 1). A running average of
received level in the preceding 5 to 60 seconds shall be maintained for
each carrier in the BCCH Al location.

For the serving cell receive |level neasurenent sanples shall be taken at
| east for each paging block of the M5 and the receive | evel average shal
be determ ned using sanples collected over a period of 5 s or five
consecutive paging blocks of that MS, whichever is the greater period

At least 5 received | evel nmeasurenent sanples are required per receive
| evel average value. New sets of receive |evel average values shall be
calcul ated as often as possible.

The sanme nunber of neasurement sanples shall be taken for all non serving
cell BCCH carriers, and the sanples allocated to each carrier shall as far
as possible be uniformy distributed over each eval uati on peri od.

The list of the 6 strongest carriers shall be updated at |east every
mnute and nay be updated nore frequently.

In order to mninise power consunption, MSS that enploy DRX (i.e. power
down when pagi ng bl ocks are not due) should nonitor the signal strengths
of non-serving cell BCCH carriers during the franes of the Paging Bl ock
that they are required to listen to. Received |evel neasurenent sanples
can thus be taken on several non-serving BCCH carriers and on the serving
carrier during each Paging Bl ock.

The Ms shall include the BCCH carrier of the current serving cell (i.e.
the cell the Ms is canped on) in this nmeasurement routine.

The MS shall attenpt to decode the full BCCH data of the serving cel
at least every 30 seconds
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6.6.2

The Ms shall attenpt to decode the BCCH data bl ock that contains

the paraneters affecting cell reselection for each of the 6 strongest non-
serving cell BCcH carriers at |east every 5 minutes. Wen the

M5 recogni zes that a new BccH carrier has become one of the 6 strongest,
the BCCH data shall be decoded for the new carrier within 30 seconds.

The MS shall attenpt to check the BSIC for each of the 6 strongest non
serving cell BCCH carriers at |east every 30 seconds, to confirmthat it
is nmonitoring the same cell. |If a change of BSIC is detected then the
carrier shall be treated as a new carrier and the BCCH data redetermn ned.

Wien requested by the user, the Ms shall nonitor the 30 strongest GSM
carriers to deternmine, within 15 seconds, which PLM\Ns are available. This
monitoring shall be done so as to mninse interruptions to the nonitoring
of the PCH

Resel ecti on Al gorithm

The Ms shall performthe following algorithmto ensure that it is

canped on the nost appropriate cell.

At | east every 5 s the Ms shall calculate the value of C for the serving
cell and re-calculate Cl values for non serving cells (if necessary). The
M5 shall then check for conditions (i) and (iv) bel ow

The Ms shall reselect a new cell if any of the follow ng occur

(i) Path loss criterion (C) for current serving cell falls below zero
for a period of 5 seconds.

(ii) The Ms detects a downlink signaling failure (see 6.5).

(iii) The current serving cell becones barred as indicated by the BCCH
dat a.

(iv) The calculated value of C for a non-serving suitable cell exceeds
the value of C for the serving cell for a period of 5 seconds,
except in the case of the new cell being in a different |ocation
area in which case the G value for the new cell shall exceed the C
value of the serving cell by at |east CELL_RESELECT_HYSTERESI S dB as
defined by the BCCH data fromthe current serving cell, for a period
of 5 seconds.

(v) A random access attenmpt is still unsuccessful after ‘*MAX retrans"
repetitions; “MAX retrans” being a paraneter broadcast on BCCH

In case (iv) above, cell reselection shall not take place if there was a
cell reselection within the previous 15 seconds. In the other cases, the
cell resel ection shall take place i mredi ately, but the cell that the M
was camped on shall not be returned to within 5 seconds if another
suitable cell can be found

If the chosen new cell is in a different |ocation area to the |ocation
area (old LA) of the last cell on which the M5 was canped, (old

serving cell) and there is a suitable cell of the old LA, the new cel
shall only be selected if C on the new cell exceeds CI on every suitable
cell of the old La by at |east CELL RESELECT HYSTERESIS as defined by the
BCCH data from the current serving cell.”
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In all cases, the cell with the highest value of C (anmong the cells being
nmoni tored according to the algorithmin section 6.6.1) which is suitable
and which satisfies the other constraints shall be used

Before canping on the cell after re-selection, the Ms shall attenpt to
decode the full set of data of the BccH . The M5 shall check that the
paraneters affecting cell reselection are unchanged. If a change is
detected the M5 shall check if the cell re-selection criterion is stil
valid using the changed paraneters.

If these conditions are all fulfilled, the Ms shall canp on the cell. It
may then be required to attenpt a | ocation update. (See GsM

Rec 04.08.). 1f the conditions are not satisfied, the ys shall repeat this
process for the cell with the next highest value of d.

Once the M5 has re-tuned to the chosen cell, it shall nonitor its paging
subgroup (if known) for that cell. |f the MS receives a page before having
decoded the full BCCH data for the new cell, the MS shall store the page

and respond, if permitted, once the full BCCH data has been decoded. |If
not permtted, no page response shall be made.

If no suitable cell is found within 10 seconds, the cell selection

al gorithm of section 6.2 shall be perforned. Since information concerning
a nunber of channels is already known to the MS, it may assign high
priority to neasurenents on those of the 30 strongest carriers from which
it has not previously made attenpts to obtain BCCH i nformation, and omt
repeated neasurenents on the known ones

Note - The tolerance on all the above timngs is +/-10%.
6.7 Rel ease of TCH and SDCCH
6.7.1 Normal Case

When the MS releases a TCH or SDCCH and returns to idle node, it shall as
qui ckly as possible canp on a cell of the selected PLMN which is

not barred and has O greater than zero. |If such a cell exists in

the “stored location area” (see GSM Rec 04.08), that cell shall be

used, otherwise a cell in a newlocation area shall be used. However,
before canping on the cell, the BCCH data for that cell shall be checked

{The received | evel measurements on surroundi ng cells nade during the |ast
5 seconds on the TCH or SDCCH may be averaged and used, where possible, to
speed up the process. However, it should be noted that the received |evel
monitoring while on the TCH or SDCCH is on carriers in BA (SACCH), while
the carriers to be nonitored for cell reselection are in BA (BCCH). }

Thereafter the Ms shall perform cell reselection as specified in
section 6.6

{The MS design should allow for the finite time that the cell reselection
task takes. For exanple the user may want to originate a new call very
soon after the end of a previous call, and the M5 design should make this
possible, e.g. by storing the origination until a cell has been

sel ected. }
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. 7.2 Call Reestablishnent

In the event of a radio link failure, call re-establishment may

be attenpted (according to the algorithmin GSM Rec 04.08). The Ms shal
performthe follow ng algorithmto determ ne which cell to use for

the call re-establishment attenpt.

(1) The received | evel neasurement sanples taken on surrounding cells
and on the serving cell BccH carrier in the |ast 5 seconds shall be
averaged, and the carrier with the hi ghest average received |evel
which is part of a permtted PLMN (see section 7.2) shall be taken

(ii) A BCCH data bl ock containing the paraneters affecting cell selection
shall be read on this carrier.

(iii) If the parameter O is greater than zero, it is part of the selected
PLMN, the cell is not barred, and call re-establishnent is allowed,
call re-establishment shall be attenpted on this cell

(iv) If the conditions in (iii) are not met, the carrier with the next
hi ghest average received | evel shall be taken, and the MS shal
repeat steps (ii) and (iii) above.

(v) If the cells with the 6 strongest average received | evel values have
been tried but cannot be used, the call re-establishnent attenpt
shal | be abandoned, and the algorithm of section 6.7.1 shall be
per f or med.

.8 Abnormal Cases and Energency Calls

The Ms shall performthe algorithmin this section if one of the follow ng
condi tions exists:

(i) There is no SIM
(ii) The MsS cannot find a suitable cell of the selected PLMN to canp on.

(iii) The MS receives a "pPLMN not allowed”, "iMsI unknown” or illegal Ms*
response from the network

Sone of the follow ng tasks shall be perfornmed, depending on
the conditions, as given in the Table bel ow

(a) The Ms shall continually nonitor the signal strength of all 124 GSM RF
channel's, and search for a BCCH carrier which has C >0 and which is
not barred. When such a carrier is found, the MS shall canp on that
cell, irrespective of the PLMN identity.

(b) The MS shall search the 30 strongest GSM RF channels to determ ne
whi ch PLMNs are avail abl e. This information shall be processed
according to the PLMN sel ection algorithm defined in GSM
reconmendati on 02.11.

(c) The Ms shall performcell reselection at |east anmong the cells of the
PLMN of the cell on which the M5 has canped, according to the
algorithmof section 6.6, except that a zero val ue of
CELL_RESELECT_HYSTERESI S shal |l be used, and |ocation updating shal
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not be perforned.

Condi tion Tasks to be
perforned as a
m ni mum
SIM O her M5 canped
Present on a cell (a) (b) (c)
X X No Yes No No
No X Yes No No Yes
Yes "IMSI Yes No No Yes
Unknown”
“illegal M
Yes No Yes No Yes Yes
sui tabl e
cell of
sel ect ed

PLMN or "PLMN
not al | owed”

X = “Don’t care state”

In this node, only energency calls may be made (and these may only nade if
task (c) was being performed). Powering down of the MS is pernmtted.

The MS shall |eave this nmode of operation and performthe cell
sel ection algorithm (section 6.2 or 6.3) when either:

(i) A new PLMN is selected by the user (or other nmeans within the M)
(ii) The selected PLMN becones avail able

(iii) The siM is inserted.
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1.

NETWORK PRE-REQUISITES :

7.1 BCCH CARRI ERS

7.2

The BCCH carrier shall be continuously transmtted on all
timeslots and without variation of RF |level. However, the RF
power level may be ranped down between timeslots to
facilitate switching between RF transmtters. Unused
signaling blocks on the CCCH BCCH shall contain L2 fil
franes. QO her unused timeslots shall transmt dummy bursts.

{This BCCH organi zation enables MSS to neasure the received
signal level from surrounding cells by tuning and |istening
to their BCCH carriers. Providing that an M5 tunes to the
list of BCCH carriers indicated by the network it wll,
providing the list is sufficiently conplete, have listened to
all possible surrounding cells, i.e. the surrounding cell

list for handover purposes is effectively defined by the M5

This can be achieved without inter-base station
synchroni zat i on}

| DENTI FI CATI ON OF SURRCUNDI NG BSS FOR HANDOVER MEASUREMENTS :

{It is essential for the M5 to identify which surrounding BS
is being neasured in order to ensure reliable handover
Because of frequency re-use with small cluster sizes, the
BCCH carrier frequency may not be sufficient to uniquely
identify a surrounding cell, i.e. the cell in which the M5 is
situated may have nore than one surrounding cell using the
sane BCCH frequency. Thus is it necessary for the M5 to
synchroni ze to and denodul ate surrounding BCCH carriers and
identify the Base Station Identification Code (BSIC) .}

The M5 shall use at least 4 spare franes per SACCH bl ock
period for the purpose of decoding the BSICs (e.g. in the
case of TCH/F, the four idle frames per SACCH bl ock period).
These franes are terned "search'" franes.

A 6 bit Base Station ldentity Code (Bsic), as defined in GSM
Recommendati on 03.03, shall be transmtted on each BCCH
carrier. The PLMN part of the BSIC can be regarded as a “PLM\
colour code”.

The M5 shall denodulate the SCH on the BCCH carrier of each
surrounding cell and decode the Bsic as often as possible,
and as a mninum at |east once every 10 seconds. A |ist
containing information about the timng of the surrounding
cells at the accuracy required for accessing a cell, see Rec
05.10, s§6, including the absolute tines derived from the
paraneters T1, T2, T3 shall be kept by the M. This
information may be used to schedule the decoding of Bsic and
shall be used in connection wth handover in order to keep
the switching time at a m ni mum

If, after averaging neasurenent results over 2 SACCH bl ock
periods, the MS detects one or nore BCCH carriers, anong the
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6 strongest, whose BSICS are not currently being assessed,
then the M5 shall as a matter of priority attenpt to decode
their BSICs.

Thus an MS shall, for a period of up to 5 seconds, devote al
search franmes to attenpting to decode these BSiICs. If this
fails then the M5 shall return to confirm ng existing BSICs.
Having re-confirned existing BsIics, if there are still BCCH
carriers, anobng the six strongest, with unknown BSICs, then
t he decoding of these shall again be given priority for a
further period of up to 5 seconds.

If either no BSIC can be denodul ated on a surrounding cell

BCCH carrier, or the BSIC indicates that the carrier belongs

to a PLMN which is not one of the permtted PLMs , then the

signal strength neasurenments on that channel shall be

di scarded. The permtted PLMNs are defined by the

PLMN_PERM TTED paraneter transmtted in the BCCH data. This

is an 8 bit map that relates to the PLMN part of BSIC. (e.g.

PLMN PERMITTED = 01101001, defines that carriers having a

BSIC with PLMN part = 000,011, 101, 110 shall be reporte B¢

If a change of BSIC is detected on a carrier, then any
existing signal strength neasurenent shall be discarded and a
new averaging period conmenced.

{This occurs when the M5 noves away one surrounding cell and
cl oser to another co-channel cell.}

If the BSIC cannot be decoded at the next available
opportunities reattenpts shall be nade to decode this BSIC.
If the BSIC is not decoded for nore than three succesive
attenpts it will be considered |ost and any existing signa
strength neasurenent shall be discarded.

De’tails of the synchronization nmechani sns “appear in GSM
Recommendati on 05.10. The procedure for nonitoring
surrounding BSS with respect to HO neasurenent shall begin at
|l east at the tinme of assignnent of a dedicated channel

Wen a BCCH carrier is found to be no |onger one of the 6
strongest, timng and BSIC information shall be retained for
at least 10 seconds. (This is in case a handover is comanded
to this cell just after the MS stops reporting RXLEV and
RXQUAL on this cell).

RADI O LI NK MEASUREMENTS :

Radio |ink neasurenents are used in the handover and RF power
control processes.

In particular, radio-subsystem directed handover is defined as
a change of channel during a call either because of

degradation of the quality of the current serving channel, or
because of the availability of another channel which can allow
communi cation at a lower TX power level, or to prevent a MS
grossly exceeding the planned cell boundaries.
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The neasurenents are made over each SACCH multifranme, which is
104 TDVA frames (480 ns) for a TCH and 102 TDVA frames for an
SDCCH .

8.1 SIGNAL STRENGTH:

8.1.1 The received signal l|level shall be enployed as a criterion
in the RF power control and handover processes.

8.1.2 Physical paraneter

The R.M.S received signal level at the receiver input shall
be reported by the M5 and the BSS over the full range of -
110dBm to -48 dBm with a relative accuracy of + 1dB within
any 20dB portion of the total neasurenent range, and an
absol ute accuracy of + 4dB from -110 dBm to -70dBm under
normal conditions and # 6dB over the full range under both
normal and extreme conditions.

M5's and BS S need not necessarily neasure signal |evels

bel ow the reference sensitivity. If the received signal |evel
falls below the reference sensitivity level for the class of
M5 or BS then the M5 or BS shall report a |evel between the
reference sensitivity level and the actual received |evel

8.1.3 Statistical paraneters

The reported paraneters (RXLEV) shall be the average of the
received signal |evel neasurenent sanples in dBm taken
within the reporting period of length one SACCH multiframe
defined in 8.4. |n averaging, nmeasurenents made during
previ ous reporting periods shall always be discarded.

Wen assigned a TCH or SDCCH the Ms shall make a received
signal |evel neasurenent:

* in every TDVA frame on at |east one of the BCCH carriers
indicated in the BCCH allocation (BA) , one after another.
Optionally, neasurenents during up to 4 franes per SACCH
multiframe nmay be omtted.

(Note: These four franmes are those imediately preceding the
search frames, in order to allow the M5 to search for BCCH
synchroni zation over a full TDMA frane.

* on all bursts of the associated physical channel (see
rec. 05.02) , including those of the SACCH |If frequency
hopping is being used on the associated physical channel and
if, in the BCCH Cell Options, the Power Control Indicator
PWRC is set, neasurenents on the bursts on the BCCH frequency
shall not be used in the RXLEV averagi ng process.

Unl ess otherw se specified by the operator, for any TCH or
SDCCH assigned to an M5, the BS shall nake a received signal
| evel neasurenment on all time slots of the associated

physi cal channel including those of the SACCH
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8.1.4 Range of paraneter

The received. signal level shall be mapped to an RXLEV val ue
between O and 63, as follows :

RXLEV O = less than -110dBm.
RXLEV 1 = -110 dBmto -109 dBm

RXLEV 2 = -109 dBmto -108 dBm
RXLEV 62 = -49 dBmto -48 dBm
RXLEV 63 = greater than -48 dBm

6 bits are required to define RXLEV for each carrier
measur ed.

8.2 SIGNAL QUALITY:

8.2.1 The received signal quality shall be enployed as a criterion
in the RF power control and handover processes.

8. 2.2 Physical paraneter

The received signal quality shall be neasured by the M5 and
BSS in a manner that can be related to an equival ent average
BER before channel decoding (i.e chip error ratio), assessed
over the reporting period of 1 SACCH bl ock (480 ins).

For exanple, the nmeasurenment nmay be nade as part of the
channel equalization process, decoding process, pseudo—error
rate measurenent etc.

8.2.3 Statistical paraneters

The reported paraneters (RXQUAL) shall be the received signa
quality, averaged over the reporting period of |ength one
SACCH multiframe defined in 8.4. |In averaging, neasurenents
made during previous reporting periods shall always be

di scar ded.

Contrary to RXLEV neasurenents, in calculating RXQUAL val ues,
nmeasurenents on bursts on the BCCH carrier shall always be
included in the averagi ng process.
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8.2.4 Range of paraneter

Wen the quality is assessed over the full-set and sub-set of
frames defined in 8.4, eight levels of RXQUAL are defined and
shall be mapped to the equival ent BER before channel decoding
as follows :

RXQUAL_O BER | ess than 0.2% Assuned value = 0.14%
RXQUAL 1 BER = 0.2% to 0.4% Assuned value = 0.28%
RXQUAL 2 BER = 0.4% to 0.8% Assuned value = 0.57%
RxQUAL_3 BER = 0.8% to 1.6% Assuned value = 1.13%
RxQUAL_4 BER= 1.6% to 3.2% Assuned value = 2.26%
RXQUAL_5 BER= 3.2% to 6.4% Assuned value = 4.53%
RXQUAL 6 BER = 6.4% to 12. 8% Assunmed value = 9.05%
RXQUAL _7 BER greater than 12.8% Assumed value = 18.10%

The assuned val ues may be enployed in any averagi ng process
applied to RXQUAL.

The BER val ues used to define a quality band are the
estimated error probabilities before channel decoding,
averaged over the full set or sub set of TDVA franes as
defined in §8.4. The accuracy to which an M5 shall be capable
of estimating the error probabilities when on a TCH is given
in the followng table. Note the exception of section 8.4 on
data channels using interleaving depth 19.

Quality Range of actual BER Probability that the correct RXQUAL

Band band is reported by M shall
exceed
Full rate Half rate DTX Mode
Channel Channel
RXQUAL_FULL RXQUAL FULL RXQUAL_SUB
104 TDNVA 52 TDMA 12 TDVA
frames frames frames
RXQUAL_ O Less than 0.1% 90% 90% 65%
RXQUAL 1 0.26% to 0.30% 75% 60% 35%
RXQUAL 2 0.51% to 0.64% 85% 70% 45%
RXQUAL 3 1.0% to 1.3% 90% 85% 45%
RXQUAL 4 1.9%to 2.7% 90% 85% 60%
RXQUAL 5 3.8%to 5.4% 95% 95% 70%
RXQUAL 6 7.6% to 11.0% 95% 95% 80%
RXQUAL=Z Geater than 15.0% 95% 95% 85%
The M5 assessnent accuracy will be tested under both static

and TU50 channel conditions.

The nethod of test is given in Recomendation 11.10 and
11.20. It should be noted that in the testing, the System
Sinmulator (SS) or (BSST) Base Station System Test Equi pnent
will have to neasure the average error rate over a |large
nunber of TDMA franes. Thus the SS will not neasure exactly
the sane error rate paraneter as the M.
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To allow for this, the test limts given in Recomnmendati on
11.10 and 1i1.20 for TUS50 are not the same as in the Table
above. The Table above is used in 11.10 for the static
channel case only.

8.3 Aspects of D scontinuous Transm ssion (DTX)

Wien DTX is enployed on a TCH not all TDVA frames may be
transmtted, however,the followi ng subset shall always be

transmtted, and hence can be enployed to assess quality and
signal |evel during DTX

COCOOOOOOOODOOOOOOCOOOD0 COOOOOOOOOOOOCOOOTOOOOOOOOOOOOOO0

Type of channel SID Message Block franes

TDVA frane nunber (FN) modulo 104
OCOOOOOOOOOCVOOCOCOCO0 COOOVVOOOCOCOCCOOCOOOOOOOOOOOOOCD

TCH/F 52, 53, 54, 55, 56, 57, 58, 59
TCH/H, subchannel O 52, 54, 56, 58, 60, 62, 66, 68
TCH/H, subchannel 1 53, 55, 57,59, 61, 63, 65, 67

OOTOOCCOOOOOOOOOOCOOD0 DOOOOVOVODOVOCOVOOOOOOOOOOOOOOCOO

On any TCH speech channel this subset of TDVA frames is used
during DIX for transmssion of the SID (Silence Descriptor)
speech frane defined in the 06.xx series.

Wien no SID information is required to be transmtted, e.g.

on data channels, the L2 fill franme (see rec. 04.06 section
5.4.2.3) shall be transmtted as a FACCH in place of the SID
frames.

On the sbccH, where DTX is not allowed, or during signaling
on the TCH when DTX is not used, the sane L2 fill frame shal
be transmtted in case there is nothing else to transmt.

8.4 Measurenent reporting

For a TCH, the reporting period of length 104 TDVA franes
(480ms) is defined in terns of TDVA frame nunbers (FN) as

follows:

Timeslot nunmber (TN) TDMA franme nunber (FN) modulo 104
TCH/F and
TCH/H, subch. O TCH/H, subch. 1 Reporting period SACCH Message

bl ock
0 7 o to 103 12, 38, 64, 90
1 0 13 to 12 25, 51, 77,103
2 1 26 to 25 38, 64, 90, 12
3 2 39 to 38 51, 77,103, 25
4 3 52 to 51 64, 90, 12, 38
5 4 65 to 64 77,103, 25, 51
6 5 78 to 77 90, 12, 38, 64
7 6 91 to 90 103, 25, 51, 77
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Wien on a TCH, the Ms shall assess during the reporting
period and transmt to the BS in the next SACCH nessage bl ock
the follow ng:

* RXLEV for the BCCH carrier of the 6 cells with the
hi ghest RXLEV anong those with known and allowed BsIC.

Note: Since there are 104 TDVA franes in each SACCH
multiframe (and neasurenment in 4 franes is optional) , the
nunber of sanples on each BCCH carrier will depend on the
nunber of carriers defined in the BCCH Allocation (BA) and
may be different. The follow ng table gives exanples of this:

COOCOOCOOOODOODOOCOOOCOCOOOOO0 COOOOOOOOOTOCOOOTOOOOOCOCOOOOOO

Nunber of BCCH carriers Nunber of sanples per
in BCCH Allocation carrier in SACCH multiframe
32 3-4
16 6- 7
10 10- 11

8 12-13

(00 (00,00 (0 (09 (00,00 (009 OO0, (O 00, (00 (B o (0,00 O 00, (o 0w 0, O, 0, OV TR0 00 w0 Q00 (7 (O (O (0 00, (0 (o (B0, (00 (N COm. (0000 (00 (00 (0 (80, (W)

These figures are increased if the M5 is able to nake
nmeasurenents on nore than one BCCH carrier during each TDVA
frane.

*  RXLEV_FULL and RXQUAL FULL:

RXLEV and RXQUAL for the—full set of TCH and SACCH TDVA
frames. The full set of TDVA franes is either 100 (i.e. 104 -
4 idle) frames for a full rate TCH or 52 frames for a

hal frate TCH.

" RXLEV_SUB and RXQUAL SUB:

RXLEV and RXQUAL for the subset of 4 SACCH franes and the 8
SID TDVA L2 fill frames defined in 8.3. In case of data
traffic channels TCH/F9.6 and TCH F4.8 the RXQUAL SUB report
shal | include nmeasurenments on the franes given in-the table
of section 8.3 and neasurenents on the 4 SACCH franes only if
L2 fill frames have been received as FACCH frames at the
corresponding frame positions.If no FACCH franmes have been
recieved at the corresponding frame positions, the RXQUAL SUB
report shall include neasurenents on the 4 SACCH franmes only.
The performance requirenents of section 8.2.4 do not apply in
this case for RXQUAL _SUB.

Note: |If neasurenent on the BCCH frequency is not used, the
nunber of TDMA franmes used in the RXLEV averagi ng process nay
be lower than the nunber of TDVA franes in the set.

Note: Sone TCH speech, data or SID nessage bl ocks are spread
over two reporting periods. In these cases, the RXLEV and/or
RXQUAL information from the TCH nmessage blocks may either be
sent as part of the nmeasurenent report of the second period,
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or shared between the reports of the two periods.

For a SDCCH, the reporting period of length 102 TDVA franes
(470.8 ns) is defined in terms of TDMA franme nunbers (FN) as

foll ows:
COOOOOOOLOOOOOOTOOOOOD
TDVA frame nunber
(FN) modulo 102
COOTOOTOO
SDCCH/ 8 12 to 11

sDccH 4 37 to 36
COOOOOOOO COOTOOOOOTOVOVOOOOCO0

Wien on a sSbccH, the MS shall assess during the reporting
period and transmt to the BS in the next SACCH nessage bl ock
the follow ng:

* RXLEV for the BCCH carrier of the 6 cells with the highest
RXLEV anong those with known and allowed BSIC.

Note: With only 102 TDVA franes in each SACCH multiframe, the
nunber of sanples used to calculate RXLEV per BCCH carrier
may be slightly different from the case of TCH descri bed
above.

* RXLEV and RXQUAL for the full set of 12 (8 SDCCH and 4
SACCH) frames within the reporting period. As DIX is not
allowed on the SDCCH, -SUB values are set equal to the -FULL
values in the SACCH nessage.

Note: |If neasurenent on the BCCH frequency is not used, the
nunber of TDVA franes used in the RXLEV averagi ng process may
be lower than the nunber of TDVA franes in the full set.

Wiether the M5 is on a TCH or a sbccH, if the next SACCH
nmessage block is used for a different Layer 3 nessage, the
averaged data which would otherwise be sent in that block is
di scarded and a new average started for the current bl ock.
l.e., any SACCH nessage will report the average data for the
previous reporting period only.

The M5 shall also transmit a bit (DIX USED) in the next SACCH
message bl ock, which indicates whether or not it has enpl oyed
DTX during the reporting period. This bit shall be set even
if just one burst in a TDVA franme in the reporting period was
not transmtted due to DTX

Not e: A speech or user data franme subject to DIX may cross
the ‘border’ between two reporting periods, in which case
both of the associated SACCH nessage blocks will have the
DTX_USED flag set.

Unl ess otherwi se specified by the operator, the BS shall nmake
the sanme RXLEV (full and sub) and RXQUAL (full and sub)
assessnments as described for the M5 for all TCH's and SDCCH's
assigned to an M5, using the associated reporting periods.
These values, together with the reported values from the
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M5's, shall be transmtted to the BSC as described in the
08.xx series.

8.5 ABSOLUTE Ms-BS DI STANCE

8.5.1 The Absolute MS-BS distance nay be enployed by the network
as a criterion in the handover processes.

8.5.2 Physical paraneter
The information being used by the BS to perform “adaptive
franme alignment” (Recommendation 05.10) in the M5 is a
representation of the absolute distance of the M5 to the
serving BS.

This absolute distance may be used by the BS to prevent NMSS
from grossly exceeding the planned cell boundaries.

The allowable distance is admnistered on a cell by cell
basis by the network operator.

9. CONTRCL PARAMETERS :
The paraneters enployed to control the radio |inks are shown
in Tables 1 and 2.
PARAMETER NAME DESCRI PTI ON RANGE BI TS CHANNEL

BSI C Base station 063 6 SCH DL
Identification Code

BA BCCH Al |l ocati on. 124 BCCH DL

BA_L ND Sequence nunber of BA 0/1 1 BCCH DL

ME_TXPWR_MAX ccH  The maxi num TX power 0/31 BCCH D/L
level an MS nmy use 5

when accessing the
system until other-
wi se conmmanded.

( Coded the sane
as TXPWR).

RXLEV_ACCESS_M N M ni mum recei ved O 63 6 BCCH DL
level at the MS re-
quired for access to
the system

RADI Q_LI NK_TI MEQUT The maxi nrum value of - 4 BCCH DL
the radio link counter
4-64 saccH bl ocks,
15 steps of 4 SACCH

bl ocks
CELL_RESELECT RXLEV hysteresis 0-7 3 BCCH DL
HYSTERESIS . for required cell

re-selection. 0-14dB,
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PLM\_PERM TTED

CELL. BAR_ACCESS

TABLE 1:

GSM 05.08 - /25 Ver si on
2 db steps, i.e.0=0dsB,

1=2dB, etc.

Bit nmap of PLM\s 8 BCCH DL
for which the M5 is

permtted to report

measurement results.

Bit map relates to

PLMN part of BsIc.

Bars all initial 0/1 1 BCCH D/IL

accesses to a cell.

Ms will not canp on
a cell when set
(1 = barred).

RADI O SUB-SYSTEM LI NK CONTROL PARAMETERS

3.8.0
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PARAMETER NAME
MS_TXPWR REQUEST

M5_TXPWR_CONF.

RXLEV_FULL
SERVING_CELL

RXLEV_SUB_
SERVING CELL

RXQUAL_FULL _
SERVI NG_CELL

RXQUAL SUB
SERVING_CELL

DT X_USED

BA_USED

RXLEV NCELL
(1-6) o

BCCH_FREQ NCELL
(1-6) i

BSIC_NCELL_(1-6)

GSM 05.08 - /26

DESCRI PTI ON RANGE

The TX power to 0-31
be used by an M
on TCH downli nk
Confirmation 0-31
of the TX power
| evel in use by
the M5. uplink

The RXLEV in the
current serving
cell accessed over
all TDMA franes

063

The RXLEV in the
current serving
cell accessed over
a subset of TDMVA
frames

063

The RXQUAL in 0-7
the current

serving cell,

assessed over

all TDMA frames.

The RXQUAL in the 07
current serving a

cell, assessed over
subset of TDVA frames.

I ndi cat es whet her

or not the M5 used

DTX during the previous
measur ement peri od.

Val ue of BA IND for 0/1
BCCH allocation used
The RXLEV 0-63
assessed on BCCH

carrier as indicated

in the BCCH All ocation

The BCCH carrier 0-31
RF channel nunber

in NCELL.

Base station 0-63

identification
code for NCELL.

Version 3.8.0
BITS MESSAGE
5 L1 header
5 L1 header
6 Measur ement
results
6 Measur enent
results
3 Measur enent
results
3 Measur enent
results
1 Measur enent
results
1 Measur enent
results
6 Measur enent
5 Measur ement
results
6 Measur enent

results
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TABLE 2: HANDOVER AND POWER CONTROL PARAMETERS - SLOW ACCH

Notes : 1) RXLEV and RXQUAL fields are coded as described in
section 8.

2) BCCH FREQ NCELL (1-6) is coded in relation to the BCCH
Allocation (BADItT map as follows:

RF channel freq : 000 001 002 003 004 . . . 123 124
BCCH Allocation : 0 1 1 0 1 . . . 0 1
BCCH_FREQ_NCELL . — 0 1 - 2 . . . - 31 (max)

3) This overall coding requires 115 bits to report neasurenents
from the serving cell-and-6 surrounding cells in the. Measurenent
Resul ts nessage.

i.e. RXLEV_SERVING CELL 6 bits |

RXQUAL FULL SERVING CELL 3 bits | = 13 bits
RXQUAL SUB SERVING_CELL 3 bits )

DTX_ USED - 1bit |

RXLEV_NCELL_ (I -6) 6 bits

BCCH_FREQ NCELL (1-6) 5 bits ) x 6 = 102 hits
BSIC_NCELL_(1-6) 6 bits
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APPENDI X A :
DEFINI TION OF A BASIC GSM HAND- OVER AND RF PONER CONTROL ALGORI THM

1) Scope

Thi s appendi x specifies a basic overall handover algorithm and
RF power control process that may be inplenented in the GSM
system

The specification includes a set of algorithns that are
sufficient to allow the successful inplenmentation of an
initial GSM system and from which nore conplex algorithms may

be devel oped.

The basic solution is not nandatory for network operators.

2)  Functional Requirenent
The present algorithmis based on the followi ng assunptions :

Single cell BSS

The necessity to nmake a hand-over according to radio
Criteria is recognised in the BSS. It can lead-to either an
(internal) intracell hand-over or an intercell hand-over

Evaluation of a preferred list of target cells is
perfornmed in the BSS.

Cell allocation is done in the MC

Intracell hand-over for radio criteria (interference
probl ens) nmay be perforned directly by the BSS

The necessity to nmake a hand-over because of traffic
reason (network directed hand-over) is recognised by the MSC
and it is performed by sending a “hand-over candidate enquiry
nmessage” to BSS.

The RF power control algorithm shall be inplenented in
order to optimze the RF power output fromthe M5 (and BS if
power control is inplenented) ensuring at the sane tine that
the level received at the BS (M5) is sufficient to keep
adequat e speech/data quality.

Al'l paraneters controlling the hand-over and power contro
processes shall. be admnistered on a cell by cell basis by
neans of O&M The overall hand-over and power control process
is split into the follow ng stages

i) BSS preprocessing and threshold conpari sons.
ii) BSS decision algorithm
iii) MSC cell allocation algorithm

A BSS decision algorithmis specified such that the BSS can
fulfil the nmandatory requirenment of being able to produce a
preferred list of target cells for handover.



ETSI/GSM GSM 05.08 - /29 Version 3.8.0

It should be noted that since neasurenent results can also be
sent to the Msc in the "handover required” nessage, the hand-
over decision algorithm nmay be inplenented in either the MSC
or the BSS.

BSS preprocessing and threshold conparisons

For the purpose of hand-over and RF power control processing
the BSS shall store the paranmeters and thresholds shown in
Table 1. These shall be admnistered on a cell by cell basis
and downl oaded to the BSS by O&%M procedures.

The paraneters and thresholds related to the downlink power
control process are stored and used only if BS RF power
control is inplenented.

The follow ng neasurenents shall be continuously processed in
the BSS :

)

Measurenents reported by M5 on SACCH

- Down |ink RXLEV

- Down |ink RXQUAL

- Down link surrounding cell RXLEV (RXLEV_NCELL (n) on

BCCH as indicated in the BCCH Al location

i) Measurenents perfornmed in BS
- Uplink RXLEV
Uplink RXQUAL
MS-BS di st ance
Interference level in unallocated time slots

Every SACCH multiframe (480 ns) a new processed value for each
of the neasurenents shall be cal cul ated.

3.1 Measurenent averaging process

The BSS shall be capable of pre-processing the neasurenents
by any of the follow ng processes

- Unwei ghed average.

- Weighted average, with the weighings determned by &M

- Modified nedian calculation, with exceptionally high and
| ow val ues (ocutliers) renoved before the nedian

cal cul ati on.

The timng of the processing shall be controlled by
paraneters, set by O&%M as follows

a) RXLEV_ XX (XX = DL or W)

For every connection and for both links at |east the |ast 32
sanpl es shall be stored (a sanple is the value evaluated by
the M5 and Bs during a period of 480 ns)

Every 480 ms, with these sanples, the BSS shall evaluate the
averaged value of the received power as defined by the
paraneters Hreqgave and Hreqgt, applicable to RXLEV
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b) RXLEV_.DL on BCCH carriers (RXLEV_NCELL (n)):

For every connection and for each of up to 16 defined cells
the BSS shall store the values related to the last 32
sanples. The BSS shall average these sanples as defined by
the paraneters Hregave, Hreqt, applicable to RXLEV

¢) RXQUAL_XX (XX = DL or UL)

For every connection and for both links at |east 32 sanples
shall be stored (a sanple is the value calculated by the M

and BS during period of 480 nmns)

Every 480 ms, with these sanples, the BSS shall evaluate the
received signal quality as defined by the paraneters Hregave
and Hreqt, applicable to RXQUAL.

d Ms-BS distance :

For every connection the BSS shall average the adaptive frane
alignment value as defined by the paraneters Hregave and
Hreqt, to derive an estimate of the NM5-BS distance.

e) Interference level in unallocated tine slots

The BSS shall average the interference level in unallocated
timeslots as defined by the |Intave paraneter

The averaged results shall be mapped into five interference
categories (see Rec 08.08) whose Iimt O X5 are adjusted by
M

f)  Power Budget

This assessnent process may be enployed by the network as a
criterion in the hand-over process, by setting a flag in the
BSS by O&M command. |f the process is enployed, every 480 ns,
for every connection and for each of allowable 16 adjacent
cells, the BSS shall evaluate the follow ng expression

PBGT(n) = (Min(MS_TXPWR MAX, P) - RXLEV.DL - PWR_C_.D)
- (Min(MS_TXPWR _MAX(n),P) - RXLEV_NCELL(n))

Wiere the values of RXLEV _NCELL(n) and RXLEV DL are obtained
with the averaging processes defined above. "PWR_C D is the
di fference between the maxi num downlink RF power permtted in
the cell and the actual downlink power due to the BS power
control. MS_TXPWR_MAX is the maxi mum RF TXPWR an M5 is
permtted to use on a traffic channel in the serving cell
MS_TXPWR_MAX (n) is the maxinum RF TXPWR an M5 is permtted
to use on a traffic channel in adjacent cell n. P is the
maxi mum TXPWR capability of the M.
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3.2 Threshold conparison process:
3.2.1 RF Power control process:

Every SACCH multiframe, the BSS shall conpare each of the
processed neasurenents with the relevant thresholds. The
t hreshol d conpari son processes and the actions to be taken

are as follows :
a) Conparison of RXLEV_ XX with L_RXLEV. XX P (XX = DL or UL)

The algorithm shall be applied to the averaged RXLEV val ues
(defined in 3.1:a). The conparison process shall be defined
by the paraneters P1 and N1 as follows

- Increase XX _ TXPWR if at |east P1 averages out of N1
averages are |lower than L_RXLEV XX P. (e.g. PI = 10 and N1 =
12)

b) Conparison of RXLEV_ XX with U RXLEV XX P (XX = DL or UL)

The algorithm shall be applied to the averaged RXLEV val ues
(defined in 3.1:a). The conparison process shall be defined
by the paraneters P2 and N2 as follows

- Decrease XX TXPWR if at |east P2 averages out of N2
averages are greater than U_RXLEV_XX P. (e.g. P2 = 19 and N2
= 20) B

c) Conparison of RXQUAL_XX with L RXQUAL XX P (XX = DL or UL)

The algorithm shall be applied to the averaged RXQUAL val ues
(defined in 3.1:c) The comparison process shall be defined by
the paraneters P3 and N3 as follows

- Increase XX TXPWR if at |east P3 averaged values out of N3
averaged values are greater (worse quality) than
L_RXQUAL_XX ,P. (e.g. P3 =5 and N3 = 7)

d) Conparison of RXQUAL_XX with U RXQUAL_ XX P (XX = DL or UL)
The algorithm shall be applied to the averaged RXQUAL val ues
(defined in 3.1:c) The conparison process shall be defined
by the paraneters P4 and N4 as foll ows

Decrease XX TXPWR if at |east P4 averaged values out of N4
averaged values are |lower (better quality) than
URXQUAL XX P. (e.g. P4 = 15, N4 = 18)

3. 2.2 Handover Process:

Every SACCH multiframe, the BSS shall conpare each of the
processed neasurenments with the relevant thresholds. The
t hreshol d conparison processes and the actions to be taken

are as follows :
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a) Conparison of RXLEV_XX with L_RXLEV_XX H (XX = DL or UL)

The al gorithm shall be applied to the averaged RXLEV val ues
(defined in 3.1:a). The conparison process shall be defined
by the paranmeters P5 and N5 as foll ows

- If at least P5 averaged values out of N5 averaged val ues
are lower than L _RXLEV_XX H a hand-over, cause XX RXLEV,
m ght be required. (e.g. P5 = 10 and N5 = 12) -~

b) Conparison of RXQUAL_XX with L RXQUAL XX H (XX = DL or UL)

The algorithm shall be applied to the averaged RXQUAL val ues
(defined in 3.1:c) The conparison process shall be defined by
the paraneters P6 and N6 as follows

If at |east P6 averaged val ues out of N6 averaged val ues
are greater (worse quality) than L RXQUAL XX H a hand-over
cause XX_RXQUAL, m ght be required. (e.g. P6 =5 and N6 = 7)

c) Conparison of RXLEV_ XX with RXLEV_ XX IH (XX= DL or uL)

The al gorithm shall be applied to the averaged RXLEV val ues
(defined in 3.1:a). The conparison process shall be defined
by the paraneters P7 and N7 as follows :

If at |east P7 averaged val ues out of N7 averaged val ues
are greater than RXLEV_XX IH an internal hand-over m ght be
required if RXQUAL XX is also greater (worse quality) than

L RXQUAL XX H (e.g. P7 = 10 and N7 = 12).
d) Conparison of Ms5-BS distance with the MAX_MS RANGE

This conparison process nmay be enployed by the network as a
criterion in the hand-over process by setting a flag in the
BSS by O&M If the process is enployed, the algorithm shall
be applied to the averaged values defined in Sec 3.1:d.

The conparison process shall be defined by the paraneters P8
and N8 as follows :

If at |east P8 averaged val ues out of N8 values are
greater than M5 _RANGE MAX a hand-over, cause DI STANCE, mi ght
be required. (e.g. P8= 8 and N8 = 10)

e) Conparison of PBGT(n) with the HO MARGIN(n)

If the process is enployed, the action to be taken is as
follows :

If PBGT(n) > 0 and PBGT(n) > HO MARA N(n) a hand-over,
cause PBGT(n) , mght be required. ~

This conparison enables handover to be perfornmed to ensure
that the M5 is always linked to the cell with the m ninmm

path | oss, even though the quality and |evel thresholds nay
not have been exceeded.
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BSS Decision Al gorithm :

Recogni zing the necessity to request a hand-over the BSS shal
send a “hand-over required message" to the MSC containing the
preferred list of target cells.

The “hand-over required message'" shall be al so generated in
answer to a “hand-over candidate enquiry message'" sent by the
VSC.

The BSS decision algorithm shall be based on the follow ng
strategy

1. RXLEV_NCELL(n) > RXLEV.M N(n) i- Max (O Pa)
where: Pa = (MS_TXPWR_MAX(n) -P)
2. (Mn(MS_TXPWR MAX, P) - RXLEV.DL - PWR C D) -

(I\/(I) n(MS_TXPWR MAX(n), P) - RXLEV_NCELL(n)) - HO MARGIN(n)
>

A
va

| these expressions shall be evaluated using the averaged

|l ues defined by the paraneters Hregt and Hregave.

The BSS shall evaluate the equation (2) for each of the

adj acent cells that satisfies the expression (1) and shall
conpile the list of the preferred adjacent cells ordinated
depending on the value of equation (2) (i.e in the first
position is the cell for which the value is the maxinmum in
the second position is the cell with the second best value and
S0 on)

If there are any adjacent cells for which the values of
RXLEV_MIN(n) , HO MARGIN(n) and M5_TXPWR _MAX(n) are not known,
i.e the M5 has reported values from an undefined adj acent

cell, then the default paraneters shall be used to evaluate
equations 1 and 2, i.e RXLEV M N DEF, HO MARGIN DEF,

MS TXPWR _MAX DEF. This enables handover to occur in situations
where a call is set up in unexpected coverage area of a cell

wi t hout defined adjacent cells.

If there are several cells that satisfy the equation (2) wth
the sanme results, the first cell in the list will be that one
with the best “positive trend” . The trend shall be evaluated
by the BSS using the last Hreqt averaged values of
RXLEV_NCELL(n) .

If the hand-over is considered inperative, that is one of the
following events is verified as the cause

a) The power level (UL and/or DL) is below the thresholds
despite power control (the M5 or/and the BS have reached the
maxi mum al | owed power)

b) The quality of the link (UL and/or DL) is below the
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threshold while at the sane tine the RXLEV approxinmates the
t hreshol d.

¢) The distance between M5 and BS exceeds the MAX_IB_RANGE

The list of the preferred cells shall be conpiled including
any candidates for which the result of the equation (2) is
lower than O Also in this case the list shall be conpiled in
a decreasing order of priority.

4.1 Internal intracell hand over according to radio criteria :
(I'nterference probl ens)

The two conditions RXQUAL XX > L RXQUAL_XX H (bad quality)
and RXLEV_XX > RXLEV_XX IH, if verified at the same tine,
indicate a high probability of the presence of co-channel
interference.

This situation can be solved by changing the channel wthin
the cell with an intracell hand-over

If internal intracell hand-over is supported by the BSS it
shall be perforned as described in Rec. 08.08 Sec 3.1.6.

If the BSS does not support internal intracell hand-over
then the handover shall be initiated by sending a *hand-over
requi red nessage” to the MSC in which the serving cell is
indicated as first priority.

4.2

nt ernal hand-over according to other criteria:

Apart fromradio criteria there are other criteria that may
require internal hand-over

O & Mcriteria
Resource managenent criteria

In these cases internal hand-over shall be triggered by the
OMC or by the resource managenent of the BSS.
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4.3 GCeneral considerations:

Since the RF power control process and the hand-over process
are closely linked, particular care shall be taken in order
to avoid undesired interactions between them

In particular the following interactions should be avoided,
where possible :

- A “power increase command'" or a "hand-over for RXLEV or
for RXQUAL" subsequent to a "power reduction command" (e.g.
by checking that the averaged power |evel reduced by the

Pow_Red_Step Size plus the tolerances is greater than the
L RXLEV XX P or L_RXLEV_XX_H)

A “power reduction command'" subsequent to a "power
i ncrease conmmand”.

After an action of power control the set of sanples related
to the previous power level, in the corresponding link, shall
not be used in the processing.

If, during the decision process, the condition for the "hand-
over required nessage” is satisfied at the same tinme by
different reasons. The “cause field" in the “hand-over

requi red message'" sent to the MSC, shall contain the reasons

t aking account of the followi ng order of priority

- RXQUAL
- RXLEV

- DI STANCE
- PBGT

Channel allocation

As described in Rec 08.08 the avail able channels shall be
divided into five interference categories whose limts O X5

are adjusted by O8&M conmand

For hand-over, the channel allocated should be from the
category with the lowest interference |evel, since
determnation of the expected value of C/ I is not possible by
t he new BSS
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Hand- over decision algorithm in the MC

The MSC shall select the cell to which an M5 is to be handed
over by the followng criteria :

Hand-over for radio criteria shall be handled taking into
account the followng order of priority

- RXQUAL
RXLEV
DI STANCE
PBGT

e.g. |If there are nore handover bids to a cell than there are
free traffic channels, then the bids with cause "RXQUAL"
shal | take highest priority.

In order to avoid overload in the network, for every cel
and with reference to each of 16 adjacent cells, it shall be
possible to define (by O&W for each adjacent cell one of at
least 8 priority levels. These shall be considered together
with the list of candidates and the interference levels in the
choice of the new cell. For exanple, if there are two cells
which neet the criteria for handover, then the cell with the
hi ghest priority shall be used. This enables unbrella cells,
for instance, to be given a lower priority, and only handle
calls when no other cell is available.

— Channel congestion on the best cell shall cause the choice
of the second best cell, if available, and so on. If no cell

is found and call queuing is enployed in the MSC, then the MSC
shall queue the request on the best cell for a period equal to
H INTERVAL (H_INTERVAL < T_Hand_RQD shall be set by 0O&M). This
handover shall have priority over the queue handling new

calls.
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TABLE 1

All thresholds shall be able to take any value within the range of
the parameter to which they apply. Typical operating ranges are
given for sone thresholds.

L RXLEV_UL P : RXLEV threshold on the uplink for power increase.
Typical range - 103 to - 73 dBm

U RXLEV_UL_P : RXLEV threshold on the uplink for power
reducti on.

L_RXQUAL_UL_P : RXQUAL threshold on the uplink for power
i ncrease.

URXQUAL_UL P : RXQUAL threshold on the uplink for power

reducti on.
L RXLEV_.DL_P : RXLEV threshold on the downlink for power
increase. Typical range - 103 to - 73 dBm
U RXLEV_DL_P : RXLEV threshold on the downlink for power
reducti on.

L_RXQUAL_DL_P : RXQUAL threshold on the downlink for power
i ncrease.

U RXQUAL_DL_P : RXQUAL threshold on the downlink for power

reduction.

L RXLEV_UL H : RXLEV threshold on the uplink for hand-over
process to comrence. Typical range — 103 to
- 73 dBm

L_RXQUAL_UL_H : RXQUAL threshold on the uplink for hand-over
process to commence.

LRXLEV_DL_H : RXLEV threshold on the downlink for hand-over
process to comrence. Typical range - 103 to
- 73 dBm

L RXQUAL_DL H : RXQUAL threshold on the downlink for hand-over
process to conmence.

VE_RANGE_IVAX Threshold for the maxi num permtted distance
between M5 and current BS. Range (2, 35 Km;
step size 1.0 Km

RXLEV_UL _ILH RXLEV threshold on uplink for intracell
(interference) hand-over. Typical range - 85 to
— 40 dBm

RXLEV_DL _TIH RXLEV threshold on downlink for intracell (inter-
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ference) hand-over; typical range - 85 to - 40dBm

RXLEV_MIN(n) M ni mum RXLEV required for an M5 to be all owed
to handover to cell “n".
RXLEV_M N_DEF Default value of RXLEV MN, used to evaluate

handover to undefined adjacent cells.

HO MARGIN(n) A paraneter used in order to prevent repetitive
hand- over between adjacent cells. It may be also
used as a threshold in the power budget process.
Range (O 24 dB); step size 1 dB.

HO_MARG N_DEF :  Default value of HO MARG N, used to evaluate
handover to undefined adjacent cells.

N_CELL [list List of allowable adjacent <cells for hand-over.
Range (O 16).

ME_TXPWR_VAX Maxi mum TXPWR a M5 may use in the serving cell.
Range (13, 43 dBm); step size 2 dB.

M5_TXPVWR_MAX (n) : Maxi mum TXPWR a M5 may use in the adjacent cell
"n". Range (13, 43 dBm); step size 2 dB.

M5S_TXPWR_NMAX _DEF: Default value of M5 TXPWR MAX, used to evaluate
handover t0 undefined adjacent cells.

BS_TXPWR _MAX : Maxi mum TXPWR used by the BS.

0 .Xx5 : Boundary limts of five interference bands for
the unallocated tine slots. Typical range -115
to -85 dBm (See Rec. 08.08)

Hregave : RXLEV, RXQUAL and MS_BS D stance averagi ng
periods defined in ternms of nunber of SACCH
multiframes. Range (1, 31); step size 1.
(See Rec. 08.08)

Hreqt : The nunber of averaged results that can be
sent in a “hand-over required nessage” from
BSS to MSC. Range (1, 31); step size 1.
(See Rec. 08.08)

Intave : Interference averaging period defined in
ternms of the nunber of SACCH multiframes.
Range (1, 31); step size 1.

N1..N8,Pl. .P8 : The nunber of sanples used in the threshold
conpari son processes. Range (1, 31); step
size 1.

P_Con_INTERVAL : Mnimum interval between changes in the RF
power level. Range (O 30 s) step size
0. 96s.

T_Hand _RQD : Mninmum interval between hand-over required

nmessages related to the sane connection.
Range (O 30 s); step size 0.96 s.
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Pow_Incr_Step Size: Range 2, 4 or 6 dB.

Pow _Red Step Size: Range 2 or 4 dB.






