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respect of ETS standards’, which isavailable from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://www.etsi.org/ipr).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
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Foreword

This European Standard (Telecommuni cations series) has been produced by ETSI Project Terrestrial Trunked Radio
(TETRA).

The present document had been submitted to Public Enquiry as ETS 300 396-7. During the processing for Vote it was
converted into an EN.

The present document is part 7 of a multi-part deliverable covering the Technica requirements for Direct Mode
Operation (DMO), asidentified bel ow:

Part1:  "General network design”;

Part2:  "Radio aspects’;

Part 3:  "Mobile Station to Mobile Station (MS-MS) Air Interface (Al) protocol”;
Part4:  "Type1repeater air interface”;

Part5: "Gateway air interface”;

Part 6:  "Security”;

Part 7 "Type2repeater air interface”;

Part 8:  "Protocol Implementation Conformance Statement (PICS) proforma specification”.

National transposition dates

Date of adoption of this EN: 8 December 2000
Date of latest announcement of this EN (doa): 31 March 2001
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 30 September 2001
Date of withdrawal of any conflicting National Standard (dow): 30 September 2001
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1 Scope

The present document defines the Terrestrial Trunked Radio (TETRA) Direct Mode Operation (DMO). It specifies the
basic air interface, the inter-working between Direct Mode (DM) groups viarepeaters, and inter-working with the
TETRA Voice plus Data (V+D) system via gateways. It aso specifies the security aspectsin TETRA DMO, and the
intrinsic services that are supported in addition to the basic bearer and tel eservices.

This part appliesto the TETRA Direct Mode Repeater (DM-REP) air interface and contains the specifications, where
applicable, of the physical, datalink and network layers according to the |SO mode.

The specifications contained herein apply to a DM-REP as a stand-alone unit supporting two calls on the air interface
(type 2 DM-REP). They also cover the operation of a Direct Mode Mobile Station (DM-MS) with atype 2 DM-REP.

NOTE 1: The specifications for a Direct Mode Repeater/Gateway (DM-REP/GATE) combined implementation are
provided in ETS 300 396-5 [5], together with the specifications for a Direct Mode Gateway (DM-GATE).

NOTE 2: The specifications for a DM-REP as a stand-alone unit supporting asingle call on the air interface (type 1
DM-REP) are provided in EN 300 396-4 [4].

The protocol for a DM-MS operating with atype 2 DM-REP is specified in clauses 5 through 8, 10 and 11. Much of
this protocol is defined in the form of a "delta document” relative to the specifications provided in ETS 300 396-2 [2]
and ETS 300 396-3 [3] for direct MS-M S operation, and EN 300 396-4 [4] for type 1 DM-REP operation. These clauses
define where the protocol in parts 2, 3 and 4 applies without change, or where it applies with the specified amendments,
replacements or additions. Where no reference to parts 2, 3 or 4 exists, the subclause should be regarded as independent.

The protocol for the DM-REP s specified in clauses 9 and 12.

The normative annex mainly specifies the parameter values used in the protocol.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsegquent revisions do not apply.

» For anon-specific reference, the latest version applies.

[1] ETSI ETS 300 396-1: "Terrestrial Trunked Radio (TETRA); Technical requirements for Direct
Mode Operation (DMO); Part 1: General network design”.

[2] ETSI ETS 300 396-2: "Terrestrial Trunked Radio (TETRA); Technical requirements for Direct
Mode Operation (DMO); Part 2: Radio aspects'.

[3] ETSI ETS 300 396-3 (1998): "Terrestrial Trunked Radio (TETRA); Technical requirements for
Direct Mode Operation (DMO); Part 3: Mobile Station to Mobile Station (MS-MS) Air Interface
(Al) protocol".

[4] ETSI EN 300 396-4: "Terrestrial Trunked Radio (TETRA); Technical requirements for Direct
Mode Operation (DMO); Part 4: Type 1 repester air interface”.

[5] ETSI ETS 300 396-5: "Terrestrial Trunked Radio (TETRA); Technical requirements for Direct
Mode Operation (DMO); Part 5: Gateway air interface".

[6] ETSI ETS 300 396-6: "Terrestrial Trunked Radio (TETRA); Direct Mode Operation (DMO);
Part 6: Security".
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[N ETSI EN 300 392-2: "Terrestrial Trunked Radio (TETRA); Voice plus Data (V+D); Part 2: Air
Interface (Al)".
3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
Bit Error Ratio (BER): ratio of the bitswrongly received to dl bitsreceived in agiven logical channel

call: there are two types of call, individual call or group call. Anindividual call isacomplete sequence of related call
transactions between two DM-MSs. There are always two participantsin an individual call. A group call isacomplete
sequence of related call transactions involving two or more DM-MSs. The number of participantsin a group call isnot
fixed, but isat least two. Participants may join (late entry) and leave an ongoing group call

call transaction: all of the functions associated with a complete unidirectional transmission of information during a
call. A call ismade up of one or more call transactions. In asmplex call these call transactions are sequential

called user application: user application which receives an incoming call
calling user application: user application which initiates an outgoing call

changeover: within a call, the process of effecting atransfer of the master role (and hence transmitting MS) at the end
of one call transaction so that another can commence

Direct Mode (DM ): mode of simplex operation where mobile subscriber radio units may communicate using radio
frequencies which may be monitored by, but which are outside the control of, the TETRA V+D network. DM is
performed without intervention of any base station

Direct Mode Call Control (DM CC): layer 3 entity responsible for setting up and maintaining acall in DMO

DM channel: specific grouping of timeslots in the DM multiplex structurerelated to a particular DM RF carrier i.e.
DM frequency (or to a pair of duplex-spaced RF carriersfor operation with atype 1B or type 2 DM-REP or atype 1B
DM-REP/GATE). The grouping may not always be fixed, but in DMO when operating in frequency efficient mode as
an example, there aretwo DM channels, identified by the letters A and B

Direct Mode Mobile Station (DM-MS): physical grouping that contains all of the mobile equipment that is used to
obtain TETRA DM sarvices. A DM-MS may have one of three roles:

- magter: if the DM-MSis either active in a call transaction transmitting traffic or control data, or isreserving the
channd by means of channel reservation signalling;

- dave: if theDM-MSisreceiving traffic and/or signalling inacal; or
- idle: if theDM-MSisnotin acall
DM -REP presence signal: message transmitted by a DM-REP in order to indicate its presence on an RF carrier

Dual Watch Maobile Station (DW-M S): MSthat is capable of both TETRA DMO and TETRA V+D operation. The
MS is capable of periodically monitoring the V+D control channel whilein aDM call, aDM RF carrier whileinaV+D
call and, when idle, it periodically monitors both the DM RF carrier and the VV+D control channel

Direct M ode gateway: device that provides gateway connectivity between DM-M(s) and the TETRA V+D network.
The gateway provides the interface between TETRA DMO and TETRA V+D mode. A gateway may provide only the
gateway function (DM-GATE) or may provide the functions of both a DM repeater and a DM gateway during a call
(DM-REP/GATE)
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Direct Mode REPeater (DM -REP): device that operatesin TETRA DMO and provides arepeater function to enable
two or more DM-MSsto extend their coverage range. It may be either atype 1 DM-REP, capable of supporting only a
single cal on theair interface, or atype 2 DM-REP, capable of supporting two calls on the air interface. A type 1
DM-REP may operate on either asingle RF carrier (type 1A DM-REP) or a pair of duplex-spaced RF carriers (type 1B
DM-REP). A type 2 DM-REP operates on a pair of duplex-spaced RF carriers

frame number: counter indicating the timing of frames within a DMO multiframe

frequency efficient mode: mode of operation where two independent DM communications are supported on asingle
RF carrier (or pair of duplex-spaced RF carriersfor operation with atype 2 DM-REP). In frequency efficient mode the
two DM channels areidentified as channd A and channel B

logical channel: generic term for any distinct data path. Logical channels are considered to operate between logical
endpoints

master link: communication link used for transmissions between master DM-MS and DM-REP

M edium Access Control (MAC) block: unit of information transferred between the upper MAC and lower MAC for a
particular logica channd (e.g. SCH/F or STCH). Thelower MAC performs channel coding for insertion into the
appropriate physical dot or half slot

M essage Erasure Rate (MER): ratio of the messages detected as wrong by the receiver to all messagesreceived in a
given logical channd

normal mode: mode of operation where only one DM communication is supported on an RF carrier (or pair of duplex-
spaced RF carriersfor operation with atype 1B DM-REP or type 1B DM-REP/GATE)

presence signal: message transmitted by a DM-REP or a gateway in order to indicateits presence on an RF carrier
Quarter symbol Number (QN): timing of quarter symbol duration 125/9 ps within aburst

recent user: DM-MSthat was master of the call transaction immediately prior to the current master's call transaction in
acdl

recent user priority: service which gives the recent user a preferred access to request transmission when the current
master is ceasing its call transaction in agroup call. This service is controlled by the current master

simplex: mode of working in which information can be transferred in both directions but not at the same time
dave link: communication link used for transmissions between the DM-REP and dave or idle DM-MSs
sur veillance: process of determining the current state of the DM RF carrier when in idle mode
timebase: device which determines the timing Sate of signals tranamitted by a DM-MS
timeslot number: counter indicating the timing of timed otswithinaDMO frame
type 1 call: call using the protocol defined in EN 300 396-4 [4]. There are two varieties of type 1 call:
- type 1A call: whichisacall through atype 1A DM-REP,
- type 1B call: which isacall using the protocol for operation with atype 1B DM-REP.

A DM-MS may make atype 1B call through atype 1B DM-REP. It may also make atype 1B call through atype 2
DM-REP if permitted by the DM-REP

type 1 DM -REP: DM repeater that supportsasingle call on the air interface. There are two varieties of type 1
DM-REP:

- type 1A DM-REP: which operates on asingle RF carrier;

- type 1B DM-REP: which operates on apair of duplex-spaced RF carriers, one used asthe "uplink” from
DM-MSs to the DM-REP and the other used as the "downlink” from the DM-REP to DM-MSs.

The protocol for operation with atype 1 DM-REP (either atype 1A or atype 1B DM-REP) is based on the protocol for
normal mode in ETS 300 396-3 [3]
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type 2 call: call using the protocol defined in the present document. A DM-MS may make atype 2 call only through a
type 2 DM-REP

type 2 DM -REP: DM repeater that is capable of supporting two simultaneous type 2 callson the air interface. A type 2
DM-REP operates on a pair of duplex-spaced RF carriers, one used asthe "uplink" from DM-MSs to the DM-REP and
the other used asthe "downlink™ from the DM-REP to DM-MSs. The protocol for type 2 calls through atype 2
DM-REP is based on the protocol for frequency efficient mode in ETS 300 396-3[3]. (A type 2 DM-REP may aso
optionally offer type 1B calls using the protocol defined in EN 300 396-4 [4])

V+D oper ation: mode of operation where MSs may communicate viathe TETRA V+D air interface which is
controlled by the TETRA Switching and Management Infrastructure (SwMI)

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

BER Bit Error Ratio

DLB Direct Mode Linearization Burst
DLL DataLink Layer

DM Direct Mode

DM-GATE Direct Mode Gateway

DM-MS Direct Mode Mobile Station
DM-REP Direct Mode Repeater
DM-REP/GATE Direct Mode Repeater/Gateway
DMCC Direct Mode Call Control entity
DMO Direct Mode Operation

DNB Direct Mode Normal Burst
DO-MS Direct Mode Only Mabile Station
DSB Direct Mode Synchronization Burst
DU-MS Dual Mode (V+D / Direct Mode) switchable Mobile Station
DW-MS Dua Watch Mohile Station

FN Frame Number

LCH Linearization Channd

MAC Medium Access Control

MCCH Main Control Channel

MER Message Erasure Rate

mod modul o (base for counting)

PDU Protocol Data Unit

PL Physical Layer

ON Quarter symbol Number

RF Radio Frequency

SCCH Secondary Control Channel

SCH Signalling Channél

SDS Short Data Service

Sbu Service Data Unit

STCH Stealing Channel

SwMlI Switching and Management Infrastructure
TCH Traffic Channel

TN Timesl ot Number

V+D Voice plus Data

ETSI



12 ETSI EN 300 396-7 V1.2.1 (2000-12)

4 Overview of protocol

4.1 General

TETRA DMO using a DM repeater (DM-REP) offers the possibility to support DM communications over an enhanced
coverage area from that typically achieved in direct MS-M S operation.

A DM-REP re-transmits information received from one DM-MS to other DM-M (s) over the DM air interface. It
normally performs de-encoding and re-encoding operations on the DM-M S transmission bits prior to regeneration in
order to improve BER performance.

The DM-REP may optionally generate a presence signal. The purpose of this signa istoinform any DM-MSs
monitoring the RF carrier (i.e. frequency) that the DM-REP is now present and available for service.

The DM-REP is specifically addressed by a DM-MS if the DM-M S wishes the DM-REP to support a call, by inclusion
of therepeater address within the call set-up messages. When a DM-REP is supporting a call, the recipient DM-MSs
receive the signalling and traffic via the DM-REP.

NOTE 1: The present document does not support operation in which some DM-MSsreceive a call viathe DM-REP
while other DM-MSsreceive that call directly from the calling DM-MS.

In order to operate with a DM-REP, a DM-M S needs to implement some additiona protocol procedures not needed for
direct MS-MS operation. The additional procedures for operation with atype 1 DM-REP are described in

EN 300 396-4 [4]; the additional procedures for operation with atype 2 DM-REP are described in the present
document.

The following types of DM-REP are standardized in the present document:
Type 1: single-call regenerating repeater:
A type 1 DM-REP can support only one call at atime. There are two varieties of type 1 DM-REP:

a) A type 1A DM-REP conducts transmit and receive operations on a sngle RF carrier, re-tranamitting bursts
received from a DM-MS during one timed ot to other DM-MS(s) in a different timeslot.

b) A type 1B DM-REP issimilar to atype 1A DM-REP except that it uses a pair of duplex-spaced RF carriers,
one as an "uplink” from DM-MSsto the DM-REP (RF carrier f;) and the other as the "downlink" from the

DM-REP to DM-MSs (RF carrier f,).

The protocol for operation with atype 1 DM-REP (either atype 1A or atype 1B DM-REP) is based on the
protocol for normal mode in ETS 300 396-3 [3].

Type 2: two-call regenerating repester:

A type 2 DM-REP is capable of supporting two simultaneous calls on the air interface. It uses a pair of
duplex-spaced RF carriers, one as an "uplink” from DM-MSsto the DM-REP (RF carrier f;) and the other asthe

"downlink" from the DM-REP to DM-MSs (RF carrier f,). The protocol for operation with atype 2 DM-REP is
based on the protocol for frequency efficient modein ETS 300 396-3 [3].

NOTE 2: In the present document, the term "frequency efficient mode" is used in the description of the protocol
with atype 2 DM-REP. Similarly, in EN 300 396-4 [4], theterm "norma mode" is used in the description
of the protocol with atype 1 DM-REP. These terms are used for compatibility with ETS 300 396-3 [3],
since thetype 1 DM-REP air interface supports a single call at atime (as for normal modein
ETS 300 396-3 [3]) whereas the type 2 DM-REP air interface supportstwo calls at atime (as for
frequency efficient mode in ETS 300 396-3 [3]). However it should be noted that the efficiency of
frequency usage with atype 1A DM-REP is actually the same as with atype 2 DM-REPi.e. the
efficiency of frequency usage with one call on one RF carrier isthe same as with two calls on two RF
carriers.

The method of selection of the appropriate DM RF carrier(s) isnot standardized in the present document.
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Both type 1 and type 2 DM-REPs are primarily layer 2 devices comprising a Physical Layer (PL) (layer 1) and aData
Link Layer (DLL) (layer 2). The protocol stack applicableto either type 1 or type 2 DM-REPsis shown in figure 1.

Mobile 1 Mobile 2
CALL SETUP

Layer 3 Layer 3
REPEATER - LAYER 2

Layer 2 Layer 2 Layer 2 Layer 2

Layer 1 Layer 1 Layer 1 Layer 1

Figure 1: Protocol stack of DM-REP

Itis optional for a DM-MSto support operation with a DM-REP. If a DM-MS supports operation with a DM-REP then
it may support operation with one or more of the following: atype 1A DM-REP, atype 1B DM-REP or atype 2
DM-REP.

NOTE 3: There are some differencesin the DM-MS procedures between operation with atype 1A DM-REP,
type 1B DM-REP and type 2 DM-REP. The differences between operation with atype 1A DM-REP and
type 1B DM-REP are basically only the RF differences resulting from the use of one or two RF carriers.
However there are protocol differences between operation with atype 1 DM-REP and type 2 DM-REP.

A DM-REP needs more physical capabilities than those needed for a DM-MS. Asdescribed in subclause 9.3, atype 2
DM-REP isrequired to be capable of frequency full duplex operation.

The present document covers only the operation of a type 2 DM-REP and the operation of a DM-MS with atype 2
DM-REP.

The operation of atype 1 DM-REP (either atype 1A or atype 1B DM-REP) and the operation of a DM-MSwith a
type 1 DM-REP (either atype 1A or atype 1B DM-REP) are described in EN 300 396-4 [4].

The remainder of this clause contains an introduction to the protocol for operation with atype 2 DM-REP.

4.2 The DM channel

A DM call takes place on a"DM channd”. Two DM channels (designated channel A and channel B) may exist on the
pair of duplex-spaced RF carriers. A call using channd A is primarily conducted in timesots 1 and 3 in each frame on
each of the RF carriers, whereas a call using channel B occupies the other two timeslots. From the perception of the
DM-MSs on channd B, the channd B timeslots are also regarded as being timedlots 1 and 3.

A DM channel can be perceived as being in one of three states:

- free, wherethereisno activity on the channel (or in the case where a DM-REP provides a signal indicating its
presence, when this presence signal indicates that the channd isfree);

- occupied, where acall transaction isin progress on the channel;
- reserved, where a"channel reservation” signal is present on the channd.

The actions and procedures followed by a DM-M S wishing to make a call through a DM-REP vary depending on the
state of the channel.

When the channd isfree, it isavailable for use by any DM-MS which can tune to that channd.
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When a DM channdl is occupied in acall through a DM-REP, amaster DM-MS transmits signalling in DM
Synchronization Bursts (DSBs) in frames 6, 12 and 18, and transmitstraffic in DM Normal Bursts (DNBs) in frames 1
to 17 on the "master link". The information received by the DM-REP in a particular frame and timeslot on the "master
link" isthen decoded, error corrected and re-tranamitted in the appropriate frame and timeslot on the "dave link".

NOTE 1. All communications between the master DM-MS and the DM-REP are conducted on the "master link".
All communi cations between slave DM-M S(s) and the DM-REP are conducted on the "slave link".

When a DM channd isreserved in a call through a DM-REP, it has been in use for a call transaction in agroup or
individual call. The master DM-MS for that call transaction transmits DSBsin frames 6, 12 and 18 on the master link
with parametersindicating the fact that the channel isreserved, for which group or individual it is being reserved, and
for how long the channd may continue to be reserved. Thisinformation is re-transmitted by the DM-REP on the dave
link. A DM channel may become reserved after the conclusion of each call transaction, in which case it normally stays
reserved until either a changeover of the master role has been successfully achieved or until the channel reservation
timer of the master DM-MS has expired.

For TETRA DMO through atype 2 DM-REP, timing synchronization between channel A master DM-M S and DM-REP
participating in acal ishandled in asimilar way as for basic DMO described in ETS 300 396-3 [3]. However, in the
case of operation through atype 2 DM-REP, the slave DM-MSs and channel B master DM-MS are synchronized to the
DM-REP transmission timing on the dave link.

The type 2 DM-REP provides the frequency synchronization. If the type 2 DM-REP has been generating the presence
signal on the downlink RF carrier, thefirs master DM-MS aligns its frequency reference to the DM-REP prior to
sending theinitial call set-up messages on the uplink RF carrier. If the presence signal or other suitable DM-REP
signalling has not been received sufficiently recently, the master DM-MS uses its own frequency reference to generate
the transmission frequency for theinitial call set-up messages. The master DM-MS then alignsits frequency reference
to the DM-REP transmissions on the downlink RF carrier and maintainsthat alignment whileit is master.

The dave DM-MSs and channel B master DM-MS align their frequency references to the DM-REP transmissions on
the downlink RF carrier and, at changeover, the new master DM-MS generates the transmission frequency using this
alignment.

NOTE 2: A DM-MS dignsits frequency reference to the DM-REP transmissions on the downlink RF carrier and
then uses that reference when transmitting on the uplink RF carrier.

4.3 DM call procedures for operation with a type 2 DM-REP

The procedures and sequences given in the following subclauses areintended to illustrate possible scenarios and the
mechanisms which the protocol may take in those circumstances for DM-MS operation with atype 2 DM-REP. The
procedures presented here are not exhaugtive and are not intended to show every possible scenario.

Type 2 DM-REPs can support two calls at atime, using a pair of duplex-spaced RF carriers. Transmissions by DM-MSs
(on both the master link and dave link) are sent on the appropriate DM uplink RF carrier f,; transmissions from the

DM-REP to DM-MSs (on both the master link and slave link) are sent on the associated DM downlink RF carrier f,.

Abbreviations are used in the diagrams to represent Protocol Data Units (PDUSs) sent within the protocol. The actual
message types are as follows:

cn = DM-CONNECT;
cnk = DM-CONNECT ACK;

occs DM-OCCUPIED;

pa = DM-PRE ACCEPT (sentin DSB);

par

DM-PRE ACCEPT + DM-RELEASE (sent in DNB);
prq= DM-PREEMPT;
rsv= DM-RESERVED,;

sdk= DM-SDS ACK (or firgt fragment if fragmented);
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sdo= DM-SDS OCCUPIED;
sds= DM-SDS DATA (or first fragment if fragmented);
sdu= DM-SDS UDATA (or first fragment if fragmented);
su = DM-SETUP,
sup= DM-SETUP PRES;
txa= DM-TX ACCEPT,
txc= DM-TX CEASED,;
txr = DM-TX REQUEST.
Other abbreviations used are:
rps, representing the DM-REP presence signal;
tc, representing traffic transmission;
Ich, representing dots available for linearization;
p?, representing sots available for pre-emption requests;
sd, representing continuation fragments of DM-SDS UDATA or DM-SDSDATA; and
sda, representing continuation fragment of DM-SDS ACK.

NOTE: Indll casesan abbreviation with a (') indicates arepeated transmission generated by the DM-REP which
may take place on either the master link or dave link.

The DM-REP presence signal is amessage sent by the DM-REP during calls. It may aso optionally be sent on afree
channd toindicate to receiving DM-MSs that the DM-REP is switched on and within range. It includes the DM-REP's
10-bit repeater address and may indicate which DM-MSs are permitted to use that DM-REP.

When a DM-M S makes a call through a DM-REP, it includes the DM-REP's 10-bit repeater address within the set-up
message. It needs to know the correct repeater address before making the call, either by prior arrangement or by
receiving the DM-REP presence signal. It also needs to know the repeater type (i.e. type 1A, type 1B or type 2).

4.3.1 Constraints on the frame structure

For DMO through atype 2 DM-REP the entire protocol procedure is based on a fixed frame structure and a knowledge
of the current position (in time) within this structure. Asshown in ETS 300 396-2 [2], subclause 4.5.1, the essential
building blocks of the DMO gructure are the frame which comprises four timeslots, and the multiframe which
comprises 18 frames. For type 2 DM-REP operation the master and slave link frame boundaries are offset in time, such
that the beginning of the frame n on the master link occurs 4 timesl ots duration before the beginning of the
corresponding frame n on the dave link.

In order to facilitate the DMO protocol through atype 2 DM-REP, anumber of constraints are placed on this structure,
in terms of what can be transmitted in any particular dot:

- frame 18 isalways used for synchronization purposes, and carries aDSB in both dots 1 and 3;
- frames 6 and 12 carry occupation information in aDSB in dot 3, and may carry trafficin aDNB in dot 1;
- frames 6 and 12 carry reservation information in aDSB in slots 1 and 3;

- pre-emption signalling is permitted, during occupation, in slot 3 of davelink frames 3, 6, 9, 12, 15 and 18; the
DM-REP then re-transmits the pre-emption message to the current master DM-MSin slot 3 of master link
frame5, 8, 11, 14, 17 or 2 respectively;,

- linearization, which iscarried out in a DM Linearization Burst (DLB), may be permitted in slot 3 of master link
frame 3 (equivalent to dave link frame 2) during a call;
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- during occupation, frames 1 to 17 usually carry trafficin dot 1 (in aDNB);
- frames 2, 8 and 14 of the master link may carry a DM-REP presence signal inaDSB in dot 3.
These constraints apply independently for channel A and channel B.

4.3.2 Setting up a call

In DMO through atype 2 DM-REP there are two options for call set-up: a set-up without presence checking whereby
transmission commences without explicit knowledge of the presence of any receiving DM-M(s), and set-up with
presence checking whereby a specific acknowledgement is sought before transmission commences. In both cases the
calling DM-MS monitors the slave link in order to determine that the DM-REP has successfully received and
re-transmitted the messages.

43.2.1 Call set-up without presence check

For group (point-to-multipoint) and individual (point-to-point) calls a set-up without presence check isthe most basic
mode of setting up acdl ina DM channdl. Figure 2 illustrates this procedure for acall being set up on acompletely free
pair of RF carriers. In this case the call is established on channd A.

master link 17 18 1 2 3 4

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; su|sufsu|sufsu]sul|sulsu tc Ich tc
rep-master f, Ich
slave link 16 17 18 1 2 3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f; su' [su |[su |su|su|su|su|su Ich tc'
slave-rep f, Ich p?
master link 5 6 7 8 9 10

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; tc | su su | tc [ su|occ| su| tc tc tc | tc tc | tc
rep-master f, p?' rps
slave link 4 5 6 7 8 9

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f; tc' tc' tc' | su' |occ'| su' | tc' | su' su' | tc' tc' | tc'
slave-rep f; p? p? | p?

Figure 2: Call sequence for set-up without presence check through type 2 DM-REP

After following the procedures given in subclause 8.4.2 to ascertain the state of the channel, provided the channd is
found to bein the state "freg”, the calling DM-M S may linearize its transmitter. It then establishes the channel
synchronization and simultaneoudly itsrole as "master” by transmitting a sequence of call set-up messages on the
master link. These are sent in an appropriate number of frames, using the DSB structure as given in ETS 300 396-2 [2],
subclause 9.4.3. These synchronization bursts contain frame count information, which defines their position in the
timing structure of the 18-frame cyclic multiframe structure. In the example shown in figure 2, 8 synchronization bursts
("su" in thefigure) are sent containing frame count information defining their position in frames 17 and 18 of the master
link.

The master DM-MS then listens for the synchronization bursts to be re-transmitted by the DM-REP on the davelink in
order to confirm that its signalling to the DM-REP was successful. The DM-REP may transmit in a different number of
frames from the number used by the master DM-MS. However, in this example, it sends synchronization burstsin

2 frames giving atotal of 8 bursts.
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NOTE: In thisexample the DM-REP does not start re-transmission on the dave link until after the end of the
master DM-MS's set-up messages. However, if it had received one of the first of the master DM-MS's set-
up messages, it could have chosen to start the re-transmission sooner. Thiswould have alowed the
DM-REP to indicate as soon as possible that channd A had become busy, thereby preventing other
DM-MSs from sending colliding set-up signalling.

The master DM-MS then transmitstraffic ("tc" in thefigure) using the DNB structure, as given in ETS 300 396-2 [2],
subclause 9.4.3, in the next available frame which in this exampleis frame 3 of the master link.

Figure 2 also illugtrates the position of dots which are allocated to allow pre-emption requests to be made ("p?' in the
figure), the dots available for linearization ("lch” in the figure), and the synchronization burstsindicating occupation of
the channel ("occ" in the figure) which occur in dot 3 of frames 6, 12 and 18 following theinitial synchronization.

In this example, pre-emption opportunities occur in dot 3 of frames 3, 6 and 9 on the slave link. A pre-emption request
madein dot 3 of frame 3 on the dave link would have been re-transmitted 4 dotslater in dot 3 of frame 5 on the master
link.

Figure 2 & so shows the transmission of the DM-REP presence signal in dot 3 of frame 8 on the master link. (This dlot
would have been used for the re-transmission of a pre-emption request from a dave if such arequest had been received
in dot 3 of frame 6 on the davelink.)

Figure 2 al so shows a second call being placed on the DM-REP while thefirst call is ill in progress. A DM-MS
wishing to make a call will have been monitoring the DM-REP downlink and will have established synchronization to
the existing channel A call. The DM-MS then acts as a channel B master and sends call set-up messagesin dots 1 and 3
of channel B (in this example these are sent in frames 5 and 6 on the master link and are shown in dots 2 and 4 from the
perception of channel A). These set-up messages are repeated by the type 2 DM-REP on the dave link in frames 6

and 7. The channel B master DM-MS monitors the downlink for these repeat transmissions and sendsits traffic after
completion of transmission of these messages. In this example the first burst of traffic for the call on channel B is sent
in frame 9 on the channel B master link (shown as dot 2 from the perception of channd A).

4.3.2.2 Call set-up with presence check

For individua (point-to-point) calls, but not for group calls, it isaso possible to set up a call usng a presence check in
order to ascertain the availability of the destination DM-MS. Figure 3 illustrates this procedure.

master link 17 18 1 2 3 4
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

master-rep f sup | sup | sup [ sup [ sup | sup | sup | sup

rep-master f, cn'

slave link 16 17 18 1 2 3

rep-slave f, sup' [sup'|sup'|sup'[sup'|sup'[sup'|sup'|sup'|sup’|sup'|sup’|sup’
slave-rep f, Ich cn cn cn
master link 5 6 7 8 9 10

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; cnk cnk tc tc tc tc
rep-master f, cn' cn' ps
slave link 4 5 6 7 8 9

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, cnk' cnk' tc' tc' tc'
slave-rep f; p? p?

Figure 3: Call sequence for set-up with presence check through type 2 DM-REP
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The procedure startsin a similar manner to the set-up without presence check, but the set-up messagein the
synchronization burst ("sup” in figure 3, with 8 being sent in this example) now requests aresponse indicating the
presence of the DM-MS, which has been addressed asthe recipient in the set-up attempt. This DM-MS which is defined
asa"dave' for the transaction responds on the dave link with the connect message ("cn" in the figure) indicating its
wish to receive the cdll. In this example, the dave linearizesits transmitter in dot 1 of frame 2 of the dave link, sending
a connect message in ot 3 of this frame and then repeating the connect message in the following frame. The connect
message isre-transmitted by the DM-REP to the master DM-MS in the appropriate frames on the master link, in this
case frames 4 and 5. On receipt of a connect message, the master responds with a connection acknowl edgement
message ("cnk™ in the figure) sent in at least one frame and then, in this example, beginstraffic transmission in frame 7
of the master link.

NOTE: In thisexamplethe DM-REP received the master DM-MSs first set-up message and chooses to start the
re-transmission on the dave link as soon as possible, thereby preventing other DM-MSs from sending
colliding set-up signdling.

4.3.3 Changeover in a call

InaDM cdll through atype 2 DM-REP, each call transaction constitutes a separate transmission, with a designated
master and dave(s) for each call transaction. The procedure for terminating one call transaction and starting another
during acall istermed changeover and isillugtrated in figure 4.

NOTE 1: Figure 4 shows the signalling on only one DM channd. The other DM channel may be supporting another

call.

master link 11 12 13 14 15 16

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; tc txc txc txc txa txa txa txa
rep-master f, txr'
slave link 10 11 12 13 14 15

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, tc' tc' txc' txc' txc' txa' txa'
slave-rep f, txr
master link 17 18 1 2 3 4

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; *su su su su Ich tc
rep-master f,
slave link 16 17 18 1 2 3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f; txa' txa' su' su' su' su'
slave-rep f, Ich p?

NOTE: *indicates start of transmissions by new master DM-MS.

Figure 4: Call sequence for changeover in call through type 2 DM-REP (no collisions)

In order to change over thetalker (or sender) in acall, the master DM-MSfirg indicates that its call transaction has
come to an end, using a transmit ceased message ("txc" in figure 4). Thismessageis sent at least twicein dot 1 of
consecutive frames on the master link and using the same burst format (i.e. DNB) as for normal traffic. These messages
are subsequently re-transmitted by the DM-REP on the slave link (txc'). Recipients of the call listening to the dave link
are therefore aware of the termination of that call transaction and can then apply to the master, through the DM-REP, to
continue the call with anew call transaction. The changeover request message (“txr" in thefigure) in this exampleis
sent by arequesting DM-MS in the next available dlot 3 on the dave link following reception of the txc'. This
changeover request messageisre-tranamitted by the DM-REP in the appropriate frame on the master link.
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Onreceipt of avalid changeover request (txr'), the master then surrenders the channel to the successful applicant using a
series of changeover acknowl edgement messages ("txa" in the figure). On transmission of the changeover
acknowledgement messages on the magter link, the master then becomes a dlave and has no further responsibility for the
channel. On receipt of the repeated changeover acknowledgement message (txa), the requester transmits a sequence of
set-up messages in synchronization bursts ("su" in the figure) on the master link using the same frame and dot timing as
the previous master. The action of sending the sequence of set-up messages effects the call changeover with the
requester becoming the new master for the next cal transaction. The set-up messages sent by the new master in

frames 18 and 1 of the master link are sent only in dots 1 and 3 and not dots 2 and 4 in case there may be a call on the
other DM channel. The DM-REP, when repeating the call set-up messages on the dave link, may choose to use sots 2
and 4 if the other DM channél isfree.

The frame numbering in figure 4 has been chosen arbitrarily as an example but, in thisillustration, the first traffic burst
of the new master would take place in frame 4 on the master link.

NOTE 2: The procedure for changeover when operating with a DM-REP takes longer than for direct MSMS
operation (see ETS 300 396-3 [3]). Therefore MS designers may wish to consider means by which the
operational effects of these delays can be alleviated. This may apply also to other call set-up procedures
when operating with a DM-REP.

4.3.4 Pre-emption of a DM call

During aDM call through atype 2 DM-REP, a DM-MS, who may or may not be involved in the current call, may wish
to access the DM channel for a priority reason such as an emergency. In this case a mechanism for pre-empting the
already occupied channd exigts. Thisisillustrated in figure 5.

NOTE: Figure 5 shows the signalling on only the DM channel that is being pre-empted. The other DM channdl is
supporting another call.

master link 11 12 13 14 15 16

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; tc tc occ tc tc par pa par pa
rep-master f, prq'
slave link 10 11 12 13 14 15

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, tc' tc' tc' occ' tc' tc' par' pa'
slave-rep f, prq
master link 17 18 1 2 3 4

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
master-rep f; *su su su su Ich tc
rep-master f,
slave link 16 17 18 1 2 3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f; par' pa’ su' su' su' su'
slave-rep f, Ich p?

NOTE: *indicates start of transmissions by new master DM-MS.

Figure 5: Call sequence for pre-emption of call through type 2 DM-REP (no collisions)

Thefirst master sequencein figure 5 shows normal progress of a call through atype 2 DM-REP, with traffic burstsin
dot 1 of each frame (1 to 17) on the master link being re-transmitted by the DM-REP on the dave link. A DM-MS
wishing to use the channel would, if not participating in the call, have had to first determine the state of the channd and
in thisillustration would have identified that the ongoing call isatype 2 call being transmitted through a DM-REP. The
pre-empting DM-M S would then have synchronized to the DM-REP transmissions on the slave link and in the process
determined the timing state of the channdl, including the dave link frame and slot numbers.
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To effect the pre-emption, the DM-MS tranamits a pre-emption regquest message ("prq" in the figure) at an appropriate
position in the dave link frame structure. During occupation, pre-emption isallowed only in dot 3 of dave link

frames 3, 6, 9, 12, 15 and 18. When the master successfully decodes the repeated pre-emption request on the master
link, assuming it isavalid request, it announces that the channel has been pre-empted to both the pre-empting DM-MS
and the other DM-M Ss which were involved in the ongoing call. This announcement is by means of the pre-emption
acknowledgement message ("par” and "pa’ in the figure) sent on the master link and subsequently repeated on the slave
link. Having issued the pre-emption acknowledgement messages the master ceases itsrole and relinquishes the channd.

The successful pre-emptor now transmits set-up messages to the DM-REP using the master link for the new call, with a
new group or individual addressee, and becomes master for theinitial transaction of thisnew call. In this example the
traffic transmissions begin in slot 1 of frame 4 on the master link.

4.3.5 Terminating a call

At theend of a call transaction, the master DM-M S sends transmit ceased messages (as usual) and then provides
reservation DSBsin frames 6, 12 and 18; these messages are re-transmitted by the DM-REP on the dave link. If the
channd reservation timer expires without either a changeover of the master role having occurred or the master DM-MS
resuming traffic transmission then the master DM-M S stops sending reservation DSBs and the call ends.

Alternatively, the master DM-MS may terminate the call prematurely by sending channel re ease messages
(DM-RELEASE PDU). The DM-REP re-transmits these messages on the slave link.

4.3.6 DM short data call

4.3.6.1 Unacknowledged short data message

A DM-M S wishing to send an unacknowledged short data message through a type 2 DM-REP follows the procedures to
ascertain the state of the channd. Provided that the channel is found to bein the state "free” the DM-MS may linearize
itstranamitter. It then establishes the channel synchronization and simultaneoudy itsrole as "master” by transmitting a
sequence of DM-SDS UDATA message headers on the master link, in an appropriate number of frames, using the DSB
structure. The DM-SDS UDATA message headers contain frame count information which definestheir position in the
timing structure of the 18-frame cyclic multiframe structure. In the example shown in figure 6, 8 synchronization bursts
("sdu" in thefigure) are sent containing frame count information defining their position in frames 17 and 18. In this
example the DM-MS transmitsin sots 2 and 4 (in addition to dots 1 and 3) as it has determined that the RF carrier is
completdy free and that thereisnot a call aready on the DM-REP.

The master DM-MS then lisgtensfor the DM-SDS UDATA message headers to be re-transmitted by the DM-REP on the
dave link in order to confirm that its signalling to the DM-REP was successful. The DM-REP may transmit in a
different number of frames from the number used by the master DM-MS. However, in this example, it sends
synchronization burstsin 2 frames giving atotal of 8 bursts.

The master DM-MS then transmits the remaining parts of the short datamessage ("sd" in the figure), without repetition
and using the DNB structure, in slot 1 of the following frames. In this example the remaining parts of the message
occupy two sots and are sent in frames 3 and 4.

For rdiability, the master DM-MS may repesat the complete message transmission immediately (without re-checking
that the channel isfree), and starting again with DSBs. In this exampl e there is one message repetition, with the DSBs
sent in frames 5 and 6; the two DNBs are sent in frames 9 and 10. Note that the master DM-M S does not use slots 2 and
4 in case the other DM channel may now bein use. The DM-REP may choose to use dots 2 and 4 when it repeats the
messages on the slave link if the other DM channel isnot in use. In this exampleit has chosen to do so in order to
increase thereliability of the signalling.
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master link 17 18 1 2 3 4

master-rep f; sdu | sdu | sdu | sdu | sdu | sdu | sdu | sdu sd Ich sd

rep-master f,

slave link 16 17 18 1 2 3
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, sdu' [ sdu' [ sdu' | sdu' | sdu' [ sdu' | sdu' | sdu’ sd'
slave-rep f, Ich
master link 5 6 7 8 9 10

master-rep f; sdu sdu sdu sdu sd sd

rep-master f,

slave link 4 5 6 7 8 9

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, sd' sdu' [ sdu' [ sdu' | sdu' | sdu' [ sdu' | sdu' | sdu’ sd'
slave-rep f,

Figure 6: Call sequence for SDS (for unacknowledged data) through type 2 DM-REP

4.3.6.2 Acknowledged short data message

When sending short datato an individual DM-MS, the calling DM-MS may request an acknowledgement from the
called DM-MS. Figure 7 illustrates the procedure for an acknowledged short data message comprising the DM-SDS
DATA message headersfollowed by three DNBs. Again, in this example, the sending DM-MS has determined that the
DM-REP is completely free and so tranamitsin all 4 dotsin each frame for enhanced reliability.

The procedure starts in a similar manner to an unacknowledged short data message, but the DM-SDS DATA message
headers request an acknowledgement from thereceiving dave DM-MS. The dave DM-MS sends the acknowl edgement
following thereceipt of thelast burst containing data. In this example dataisincluded in the acknowledgement; the
dave DM-MS sends SDS acknowledgement DSBs ("sdk" in the figure) in dots 1 and 3 of frames 6 and 7 of the dave
link, indicating that the message is fragmented and is continued in the next frame, frame 8 ("sda" in the figure). The
acknowledgement is re-transmitted by the DM-REP to the master DM-MS in the appropriate frames on the master link,
in this case frames 8, 9 and 10.

NOTE 1: Inthisexample, thereceiving dave DM-MS may linearize its tranamitter in dot 3 of dave link frame 2. It
therefore does not need to use dot 1 of dave link frame 6 for linearization, so sendsthe first transmission
of itsacknowledgement DSB in that dot.

NOTE 2: The short data occupation signalling DSBs which usualy occur in slot 3 of frames 6, 12 and 18 following
theinitial synchronization are only sent during data message transmission and not during the
acknowledgement period.
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master link 17 18 1 2 3 4

master-rep f; sds | sds | sds | sds | sds | sds | sds | sds sd Ich sd

rep-master f,

slave link 16 17 18 1 2 3

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, sds' [ sds' [sds' | sds' |sds' | sds'|sds' |sds' sd'
slave-rep f, Ich p?
master link 5 6 7 8 9 10

master-rep f; sd

rep-master f, p?' sdk' sdk' sdk' sdk' sda’'
slave link 4 5 6 7 8 9
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
rep-slave f, sd' sd'
slave-rep f, sdk sdk sdk sdk sda

Figure 7: Call sequence for SDS (for acknowledgement with data) through type 2 DM-REP

5 DM-MS layer 3 service description for operation with
a type 2 DM-REP

EN 300 396-4 [4], clause 5 shall apply.

6 DM-MS layer 3 protocol for operation with a type 2
DM-REP

EN 300 396-4 [4], clause 6 shall apply except that the note in subclause 6.1 isnot appropriate.

NOTE: The present document coverstype 2 DM-REP operation i.e. operation in which the DM-REP can support
two simultaneous calls on a pair of duplex-spaced RF carriers. References to frequency efficient mode in
ETS 300 396-3[3], clause 6 are applicable.

7 DM-MS layer 2 service description for operation with
a type 2 DM-REP

EN 300 396-4 [4], clause 7 shall apply.
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8 DM-MS layer 2 protocol for operation with a type 2
DM-REP
8.1 Introduction

ETS 300 396-1[1], clause 5 provides a brief overview of the general architecture and a description of all layers within
the DMO protocol including the functionality of the Data Link Layer (DLL). This clause describesin detail the layer 2
protocol and defines the operation of the DLL in aDM-MS operating with atype 2 DM-REP.

NOTE 1: For operation with atype 2 DM-REP, transmissions by DM-MSs are sent on the appropriate DM "uplink”
RF carrier f; and transmissions from the DM-REP to DM-MSs are sent on the associated (dupl ex-spaced)

DM "downlink" RF carrier f,. A type 2 DM-REP can support two simultaneous calls on the pair of RF
carriers.

NOTE 2: Since atype 2 DM-REP can support two simultaneous calls on the air interface, the protocol for type 2
call operation with atype 2 DM-REP is based on the protocol for frequency efficient modein
ETS 300 396-3[3].

NOTE 3: The methods of dot usage are different in the case of atype 1 DM-REP. The procedures for operation
with atype 1 DM-REP (and for type 1B calls through atype 2 DM-REP) are described in
EN 300 396-4 [4].

TheDLL inthe DM-MSisdivided into two sub-layers: the upper MAC and the lower MAC.

8.1.1 Functions of lower MAC
ETS 300 396-3[3], subclause 8.1.1 shall apply.

See clause 11 for specific details of the lower MAC functionality.

8.1.2 Functions of upper MAC
ETS 300 396-3 [3], subclause 8.1.2 shall apply.

The functions of the upper MAC are described in this clause.

8.2 Interface between lower and upper MAC
EN 300 396-4 [4], subclause 8.2 shall apply.

NOTE: Thus, asdefined in EN 300 396-4 [4], subclause 8.2.4, the scrambling mechanism for SCH/F, STCH and
TCH is based on the "repeater address’ element and the layer 2 "source address’ e ement from the
appropriate DMAC-SYNC PDU.

8.3 Basic capabilities of the physical layer
8.3.1 DM-MS capabilities

The following subclauses describe the capabilities required of DM-MSs for operation with atype 2 DM-REP. DM-MSs
are classified as either DM only DO-MS, dua mode capable DU-MS or dual watch capable DW-MS.
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8.3.1.1 DM only and dual mode capable MS operation

A DO-MS or DU-MS shall be capable of either transmitting on one DM RF carrier (the "uplink” frequency f; from
DM-MSs to the DM-REP) or receiving on adifferent DM RF carrier (the "downlink™ frequency f, from the DM-REP to
DM-MSs), in two-frequency simplex mode.

A DO-MS or DU-MS shall be capable of switching between DM transmit and receive within one times ot duration,
approximately 14 ms.

A DO-MS or DU-MS shall be capable of transmitting in al four timedots of at least two consecutive frames.

A DO-MS or DU-MS which is operating as a channd B master MS shall be capable of adjusting its current transmit
timing reference in steps of not greater than 1/4 symbol duration, as defined in subclause 8.4.2.5.2 and clause 11.

NOTE: A DW-MSwhichis operating asa channel A master MSis permitted to adjust its transmit timing
reference if appropriate, in steps of not greater than 1/4 symbol duration. The interval between
adjustments should not be less than 1 multiframe duration.

A DO-MS or DU-MS shall be capable of adjusting its transmission frequency as defined in clause 11.

8.3.1.2 Dual watch capable MS operation

A DW-MS shall support all the operations described in subclause 8.3.1.1 and in addition shall be capable of switching
between operating on the DM channd frequency (either uplink or downlink) and the V+D channd frequency within 0,5
of atimeslot duration (approximately 7 ms). Thisisillustrated in figure 8.

Tx or Rx slot 1 Tx or Rx slot 1
DMO master frame K master frame K+1
Channel A slave frame K-1 slave frame K

\ 7 m%
21 ms
V+D Rx V+D
Control Channel timeslot,
frame K-10
7ms
21 ms
Tx or Rx slot 1 Tx or Rx slot 1

DMO master frame K master frame K+1
Channel B slave frame K-1 slave frame K |

Figure 8: Dual watch timing on type 2 DM-REP

8.4 Usage of DM channel with type 2 DM-REP

A DM channd may be perceived as being in any one of three states, i.e. free, occupied or reserved.

When the DM channdl isin occupation or reservation, thereis atiming structure which is divided into multiframes,
frames and timeslots. In the channel free condition, no overlying DM timing reference exists other than that which may
be provided by a DM-REP presence signal or implicitly provided by an external network.

In DM-REP operation:

- al communications between the DM-REP and the master DM-MS, on the master link, shall use the master link's
dot and frame numbering;

- al communications between the DM-REP and dave or idle DM-MSs, on the dave link, shal use the davelink's
dot and frame numbering.

For operation with atype 2 DM-REP, the slot and frame numbering on the dave link lags four timesl ots behind the
master link's slot and frame numbering. Therefore the same slot numbering applies on both the master link and slave
link. However, the frame numbering on the slave link lags one frame behind the frame numbering on the master link.
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All transmissions from the DM-REP to DM-MSs are sent on the selected DM downlink RF carrier f,,. All transmissions
by DM-MSs are sent on the associated (duplex-spaced) DM uplink RF carrier f;. This applies to both master link and
dave link transmissions.

NOTE: Thedefined master link dot and frame numbering for one DM channel applies on both the uplink RF
carrier f; and the downlink RF carrier f,. Similarly, the defined slave link dot and frame numbering for

the DM channd applies on both the uplink RF carrier f; and the downlink RF carrier f,.

84.1 Definition of DM channel

84.11 DM channel arrangement

For operation with atype 2 DM-REP, aDM channel existing during occupation and reservation consists of two
timeslots on each of the pair of duplex-spaced RF carriersf, and f,,, each timedot lasting for 14,167 ms. The end of one
DM channel timeslot and the beginning of the other timeslot associated with the DM channd are separated in time by
onetimedlot duration. Time on the DM channel isfurther divided into frames and multiframes, each frame equal to

4 timed ots duration and each multiframe equal to 18 frames duration (see ETS 300 396-2 [2], clause 9 for further
details).

For operation with atype 2 DM-REP, the dot and frame numbering on the dave link lags four timesl ots behind the
master link's slot and frame numbering (as defined above). Thus the master link and the dave link for one DM channel
use the same two timeslots on both the uplink RF carrier f; and the downlink RF carrier f, (on atime-sharing basis).

Seefigure 9.

NOTE: Thiscontrasts with operation on atype 1 DM-REP, for which two timeslots are allocated primarily for the
master link and the other two timed ots are allocated primarily for the dave link.

As defined in subclauses 8.4.1.2 and 8.4.1.3, two DM channels (designated channdl A and channel B) may exist on the
pair of duplex-spaced RF carriers. A call using DM channel A is primarily conducted in timesots 1 and 3 in each frame
on each of the RF carriers, whereas a call using DM channd B occupies the other two timed ots. (From the perception
of DM-MSs on channel B, the channd B timedots are also regarded as being timeslots 1 and 3.)

master link slots Timeslot 1 Timeslot 3 Timeslot 1
oncarrierf, frame K frame K frame K+1
slave link slots Timeslot 1 Timeslot 3 Timeslot 1
oncarrierf, frame K-1 frame K-1 frame K
master link slots | Timeslot 1 Timeslot 3 Timeslot 1
oncarrierf, frame K frame K frame K+1
slave link slots Timeslot 1 Timeslot 3 Timeslot 1
oncarrierf, frame K-1 frame K-1 frame K

Figure 9: Master link / slave link arrangement for one DM channel on type 2 DM-REP

8.4.1.2 DM channel A operation

A DM-MS wishing to begin atype 2 call, and having determined that the selected DM downlink RF carrier isfree, shall
begin master MS operation - transmitting on the associated uplink RF carrier and using the master link's slot and frame
numbering. The channel which isthus occupied is defined as DM channd A.

A call using DM channel A shall primarily be conducted in timeslots 1 and 3 in each frame. See the following
subclauses for exceptionsto thisrule.
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When a DM-MSfirst becomes master on afree carrier, it shal define the DM timing reference including dot and frame
numbering. Thisincludes the case where the DM-REP has been generating a presence signal on the selected downlink
RF carrier.

- If themaster isnot performing dual watch then the DM timing reference (including slot and frame numbering)
may be chosen arbitrarily.

NOTE 1: For example, the master may choose to define the frame numbering such that its final repetitions of the
call set-up message are sent in frame 18 of the master link.

Or, if the DM-REP has been providing afree-carrier presence signal on the selected downlink RF carrier,
the master may choose a DM timing reference based on the timing defined by the DM-REP presence
signal. Thisapplies particularly if the "presence signal dual watch synchronization flag" in the presence
signal was set to 1, indicating that the DM-REP considers that the presence signa was sent using the dual
watch synchronization for type 2 calls (see also subclause 9.4.5.1.1, note 2). If using the timing from the
DM-REP presence signal, the master should set the master link's slot and frame numbering four times ots
ahead of the numbering received in slave link DM-REP presence signas.

- If the master is performing dual watch then it shall define the dot boundaries and the dot and frame numbering
so that timedot 1 of frame K of the channd A master link occurs 42,5 timeslot durations before V+D downlink
timeslot J of frame K, wheretimedot Jisthe V+D receive timeslot (normally timeslot 1). Thistiming shall be
achieved with an accuracy of within + 2 symbol durations. The DM channdl timing isillustrated in figure 8.
Refer also to subclause 8.4.7.10.

NOTE 2: TheV+D receivetimeslot used in this procedureis the downlink slot of the appropriate common control
channd i.e. Main Control CHannd (MCCH) or common Secondary Control CHannel (SCCH). The
DM-MS should not align the DM slot numbering with aV+D assigned channel.

When the DM-M S first becomes master on afree carrier, and if the DM-REP has been providing a presence signa on
the sdected downlink RF carrier, then the DM-MS should take itsinitial frequency synchronization from the presence
signal. If the DM-MShasnot received a presence signal (or other suitable signalling) from the DM-REP sufficiently
recently then it shall use its own frequency reference to generate the transmission frequency. In either case, the DM-MS
then aignsits frequency synchronization to the DM-REP transmissions as defined in clause 11.

8.4.1.3 DM channel B operation

DM channel B operation is conducted during the timeslot periods unused by channel A operationi.e in timedots 2
and 4 of each channel A frame. If the DM-MS has determined that:

1) DM channel A on the selected DM downlink RF carrier is occupied or reserved; and

2) the channd A master isindicating type 2 operation through a DM-REP (i.e. the "communication type" element is
set to 01, and the "A/B channel usage” element is set to 01,); and

3) channd B isfree,

then the DM-M S may begin master MS operation through the DM-REP, using the free timeslots in each frame. The
channd B master DM-MS shdll takeitsinitial timing and frequency synchronization from the current channel A
downlink transmissions; see also subclause 8.4.2.5.2 and clause 11.

From the perception of a DM-MS on channd B, operation shall be conducted in timedots 1 and 3 in each frame. These
timeslots coincide with timeslots 2 and 4 as seen by channel A. Thisstructureisillustrated in figure 10.

The master DM-MS on channel B shall align its frame numbering with the frame numbering on channel A so that the
dot and frame numbering on the channel B master link lags one timesl ot behind the dot and frame numbering on the
channdl A master link (or, equivalently, so that the ot and frame numbering on the channel B master link runsthree
timeslots ahead of the slot and frame numbering on the channd A slave link). The dot and frame numbering on the
channd B dave link then lags one timeslot behind the slot and frame numbering on the channel A dave link.
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Channel A | Timeslot1 | Timeslot2 | Timeslot3 | Timeslot4 | Timeslot 1
master link frame K frame K frame K frame K frame K+1

Channel A Timeslot 1 | Timeslot2 | Timeslot3 | Timeslot4 | Timeslot 1

slave link frame K-1 frame K-1 | frame K-1 | frame K-1 frame K
Channel B Timeslot 1 Timeslot 3

master link frame K frame K

Channel B Timeslot 1 Timeslot 3

slave link frame K-1 frame K-1

Figure 10: lllustration of DM channel A and B timeslots on type 2 DM-REP

8.4.2 DM channel states

The MAC layer of the DM-MS isresponsible for monitoring activity on the selected DM downlink RF carrier in order
to determine the current perceived state of that RF carrier and to receive any signalling messages addressed to itsdlf (i.e.
addressed to itsindividual address or to one of its group addresses). Accurate DM channel gtate information is essential
if aDM-MSisto employ the correct signalling and monitoring procedures. The perceived DM channd state combined
with the current DM-M S mode of operation shall be used to update the DM-MAC state model.

8.4.2.1 DM channel state definitions

Channel free:

- no activity detected on the selected DM downlink RF carrier (other than possible receipt of DM-REP or gateway
presence signals indicating that the channel is free).

Channel occupied or reserved:

- traffic or signalling activity detected on the selected DM downlink RF carrier (other than DM-REP or gateway
presence signalsindicating that the channd isfree) i.e. channel A and/or channd B isin occupation or
reservation. The DM-MS when in idle mode shall determine the state of both channel A and channel B.

8.4.2.2 DM-MS channel surveillance procedures

A DM-MS shall conduct the following channel surveillance procedures on the selected DM downlink RF carrier in
order to determine the current DM channel state. Surveillance procedures may vary dependent upon the current
operation of the DM-MS.

The DM-MS when in idle mode shall retain valid channel state information for both channel A and channel B on the
sdlected DM downlink RF carrier.

NOTE: The standard does not preclude that a DM-MS may undertake to conduct channel surveillance on more
than one DM RF carrier.

8.4.2.2.1 Initial determination of DM channel state
ETS 300 396-3 [3], subclause 8.4.2.2.1 shall apply (see note 2) with the following addition.

In the case where areceived DSB contains a DM-REP presence signal indicating that channel A or channel B is
occupied or reserved, the receiving DM-MS shall update the DM-MAC state model appropriately.

NOTE 1: The DM-MS determines the current sate of both channel A and channdl B.
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A DM-MSis permitted to implement a signal strength threshold where the DM-MS need not regard a
channel as occupied or reserved by other users asaresult of receiving DSBs (i.e. DMAC-SYNC or
DPRES-SYNC PDUSs) below that threshold. For example, the signa strength threshold may be set to the
receiver sengitivity level. However, if the received DSBs contain the repeater address of the DM-REP
used by the DM-MS, the DM-MS should not try to make a call through the DM-REP on a DM channd
while the DM-REP is active on that DM channd.

DM-MS channel surveillance in idle mode

ETS 300 396-3 [3], subclause 8.4.2.2.2 shal apply (see note 4) except that, in the case of an occupied or reserved
channel, aDM-MS conducting fast call set-up surveillance may monitor timedot 1 of frame 18 instead of timedot 3 of

frame 18.

NOTE 1

NOTE 2:

The protocol for operation with atype 2 DM-REP is based on the protocol for frequency efficient mode
in ETS 300 396-3 [3]. Therefore the procedure for frequency efficient modein ETS 300 396-3 [3],
subclause 8.4.2.2.2, paragraph 4 is applicable.

When one DM channdl isin use and the other DM channel isfree, the DM-REP may transmit set-up
DSBs for the ongoing call in al four timedots (see subclause 9.5.1.1). Therefore, in subclauses 8.4.2.2.2
and 8.4.2.2.3, the DM-MS should not change its perception of the state of the free DM channdl if it
receives set-up signalling in dot 2 or dot 4 of the active DM channdl.

If areceived DSB contains a DM-REP presence signal indicating that channel A or channel B is occupied or reserved
then thereceiving DM-MS shall update the DM-MAC state model appropriately. If areceived DSB containsa
DM-REP presence signal indicating that channe A and/or channel B is free then:

- if the DM channd is currently perceived as being occupied or reserved in a call through that DM-REP then the
receiving DM-MS shall change the perceived DM channel sateto free;

- if the DM channd is currently perceived as being occupied or reserved in acal not involving that DM-REP then
thereceiving DM-MS shdl not change the perceived DM channdl sate.

NOTE 3:

NOTE 4:

8.4.2.2.3

A free-channel presence signal with element "channe usage” set to 00, applies to both channel A and
channel B.

A DM-MSis permitted to implement a signal strength threshold where the DM-M S need not regard a
channd as occupied or reserved by other users asaresult of receiving DSBs (i.e. DMAC-SYNC or
DPRES-SYNC PDUSs) below that threshold. For example, the signal strength threshold may be set to the
receiver sengitivity level. However, if the received DSBs contain the repeater address of the DM-REP
used by the DM-MS, the DM-MS should not try to make a call through the DM-REP on aDM channd
while the DM-REP is active on that DM channdl.

DM-MS channel surveillance at call set-up

ETS 300 396-3[3], subclause 8.4.2.2.3 shall apply (see note 4) with the following differences:

i) Inthethird and fourth paragraphs of ETS 300 396-3 [3], subclause 8.4.2.2.3, the DM-M S should not regard a
free-channel presence signal as "traffic or signalling activity" causing the call set-up to be abandoned.

NOTE 1

A type 2 DM-REP isrequired to be capable of frequency full duplex operation. Therefore a DM-MS may
transmit on the uplink RF carrier f; whilethe DM-REP is sending the free-channel presence signal on the

downlink RF carrier f,.

ii) The procedure for aretransmission of DM-SETUP PRES by the DMCC and for a non-immediate retransmission
of DM-SDS DATA shall apply aso for aretransmission of DM-SETUP or DM-SDS UDATA by the DMCC
(i.e. for aretransmission by the DMCC after layer 2 has reported failure of link establishment to the DM-REP).

NOTE 2:

For aretransmission of DM-SDS UDATA by the DMCC after perceived failure of link establishment to
the DM-REP, the DM-MAC should use the same channel timing asfor the previous attempt if the "SDS
timeremaining” from the previous attempt has not yet expired. Thisisin case the DM-REP actually
received the SDS set-up DSBs and is still waiting for signalling on the old channel timing. This principle
may also be used for other retransmissions after call set-up failure.
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NOTE 3: The procedures in this subclause apply to both channel A and channel B.

NOTE 4: A DM-MS ispermitted to implement a signal strength threshold where the DM-MS need not regard a
channel as occupied or reserved by other users asaresult of receiving DSBs (i.e. DMAC-SYNC or
DPRES-SYNC PDUSs) below that threshold. For example, the signa strength threshold may be set to the
receiver sengitivity level. However, if the received DSBs contain the repeater address of the DM-REP
used by the DM-MS, the DM-MS should not try to make a call through the DM-REP on a DM channd
while the DM-REP is active on that DM channdl.

8.4.2.3 Master DM-MS channel surveillance procedures during a call

During acircuit mode call, if the master DM-MSreceives a presence signal from the DM-REP indicating that either the
carrier or the DM channel isfree (see note 1), or if atime DT225 elapses without receipt of a DSB in timeslot 3 of
master link frame 2, 8 or 14 containing:

- arandom access request addressed to itsdf; or
- apresence signal from the DM-REP indicating that the DM channel is occupied or reserved,

then the master DM-MAC shall issue a DMC-REPORT indication to the higher layers reporting that the link to the
DM-REP has failed. (The DMCC then sends a DM-RELEASE message, which the DM-MAC transmits before
becomingidie)

NOTE 1: Thisprocedure applies on reception of a presence signal from the DM-REP indicating that either the
carrier or the DM channel isfree, irrespective of the setting of the "master/dave link flag".

During channel reservation, if the master DM-MAC receives DN208 signalling messages on the DM channd indicating
that the channel has become occupied by other users (see note 2) then it shall inform the higher layers using the
DMC-REPORT indication and shall begin idle mode operating procedures.

NOTE 2: A DM-MS ispermitted to implement a signal strength threshold where the DM-MSignores signalling
messages on the DM channel indicating that the channd has become occupied by other usersif those
signalling messages are below the threshold. For example, the signal strength threshold may be set to the
receiver sengitivity level. Or, in an application, the procedure defined by DN208 may be disabled (see
annex A).

NOTE 3: The above procedures, and the procedures in subclause 8.4.2.4, refer only to the DM channd being used
for thecall (i.e. channel A or channd B).

See also subclause 8.4.2.5.

8.4.2.4 Slave DM-MS channel surveillance procedures during a call

A dave DM-MS operating either in signalling or traffic mode on a DM channel may conduct the following or
equivalent channd surveillance procedures on the dave link.

8.4.241 Slave MS channel surveillance during call transaction

ETS 300 396-3[3], subclause 8.4.2.4.1 shal apply (see note).

NOTE: A DM-MSispermitted to implement asignal strength threshold where the DM-MSignores signalling
messages on the DM channel indicating that the channd has become occupied by other usersif those
signalling messages are below the threshold. For example, the signal strength threshold may be set to the
receiver sengitivity level. Or, in an application, the procedure defined by DN209 may be disabled (see
annex A).

8.4.24.2 Slave MS signal quality measurement during call transaction
ETS 300 396-3 [3], subclause 8.4.2.4.2 shall apply except that the dlave M S estimates the success rate of decoding the

relevant Sgnalling messages received in timeslot 3 of dave link frames 6 and 12 and timedlot 1 or 3 of dave link
frame 18.
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8.4.24.3 Slave MS channel surveillance during reservation
ETS 300 396-3 [3], subclause 8.4.2.4.3 shall apply (see note).

NOTE: A DM-MSispermitted to implement a signal strength threshold where the DM-MSignores signalling
messages on the DM channel indicating that the channd has become occupied by other usersif those
signalling messages are bel ow the threshold. For example, the signa strength threshold may be set to the
receiver sengitivity level. Or, in an application, the procedure defined by DN209 may be disabled (see

annex A).
8.4.25 Additional master DM-MS surveillance procedures
84251 Surveillance by channel A master MS

At the start of anew call on afree carrier, the channd A master DM-MS defines the DM timing reference, as defined in
subclause 8.4.1.2. It should takeitsinitial frequency synchronization from the DM-REP presence signal or, if it has not
received suitable signalling from the DM-REP sufficiently recently, it uses its own frequency reference. The DM-MS
then alignsits frequency synchronization to the DM-REP transmissions as defined in clause 11.

However, aDM-MS may wish to make a call when the only ongoing communication through the DM-REP islabelled
asachannel B. Then the new calling DM-MS may use the free DM channd, labelling it as "channel A, frequency
efficient mode". The new channel A master DM-MS shall takeitsinitial timing and frequency synchronization from the
current channd B downlink transmissions. It shall begin transmitting DSBs adopting a master link slot and frame
numbering that runs onetimesl ot ahead of the channel B magter link timing (or, equivalently, five times ots ahead of the
channd B dave link timing).

NOTE 1: In this case, when sending the call set-up DSBs, the new channel A master DM-MSis not permitted to
use channd A timeslots 2 and 4, since these dots arein use for the channel B call.

NOTE 2: Following initial synchronization the channel A master DM-MS isno longer required to monitor
channel B.

After apre-emption or changeover, the new channel A master DM-MS shall takeitsinitial timing and frequency
synchronization from the current channel A downlink transmissions.

During occupation and reservation, the channel A master DM-MS shall monitor the downlink channel A in timedot 3 of
master link frames 2, 8 and 14 in order to receive DSBs from the DM-REP and subsequently re-align its frequency
synchronization. Refer to clause 11.

NOTE 3: During occupation and reservation, the channel A master DM-MS does not re-align its transmission
timing based on DSBs received from the DM-REP (since the DM-REP follows the slot timing used by
the channel A mager).

8.4.25.2 Surveillance by channel B master MS

At the start of anew call on afree channd B, the channe B master DM-MS shall take itsinitial timing and frequency
synchronization from the current channel A downlink transmissions, as defined in subclause 8.4.1.3.

NOTE 1: Following initial synchronization the channel B master DM-MS is no longer required to monitor
channd A.

After apre-emption or changeover, thenew channel B master DM-MS shall takeits timing and frequency
synchronization from the current channel B downlink transmissions.

During occupation and reservation, the channel B master DM-M$S shall monitor the downlink channel B in timeslot 3 of
master link frames 2, 8 and 14 in order to receive DSBs from the DM-REP and subsequently re-align itstransmission
timing and frequency synchronization. Refer to clause 11.

NOTE 2: For example, the channel B master DM-MSisrequired to re-align its transmission timing if it perceives a
difference of more than 1/4 symbol between its own dot timing and the timing of DSBs received from the
DM-REP.
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8.4.3 DM-MAC states

The DM channd gtate information combined with the current DM-MS mode of operation define the current DM-MAC
state and this shall be used to determine which procedure the DM-MAC should follow at any point in time for operation
with atype 2 DM-REP.

8.4.3.1 DM-MAC state definitions

ETS 300 396-3 [3], subclause 8.4.3.1 shall apply.

NOTE: TheDM-MSwhen in idle mode determines the sate of both channd A and channe B.

8.4.3.2 Criteria for changing DM-MAC state
ETS 300 396-3 [3], subclause 8.4.3.2 shall apply.
Additionally, the DM-MAC shall change the current state condition if one of the following criteria occurs:

- adave DM-MSreceives a presence signal from the DM-REP used for the call, relating to the DM channd (or to
the complete carrier) and indicating a channd state change;

- anidle DM-MSreceives an appropriate DM-REP presence signal (as defined in subclause 8.4.2.2).

8.4.4 DM-MS channel monitoring procedures

A DM-MSin idle mode shall monitor the DM RF carrier in order to keep an up-to-date record of the perceived state of
the channel and to receive any call set-up messages addressed to itsdlf; see subclause 8.4.2.2. The following subclauses
define the DM-MS monitoring requirements for operation with atype 2 DM-REP when the DM-MSis master or dave
inacall or when it is attempting random access.

NOTE 1: If the protocol requires the DM-MSto transmit in any of the monitoring dots specified in this subclause,
the transmission takes precedence over the monitoring requirement.

NOTE 2: The DM-MS performs the channel monitoring procedures on the selected DM downlink RF carrier f,.

NOTE 3: The channel monitoring proceduresrefer to the DM channel being used for the call i.e. channd A or
channel B.

NOTE 4: The davelink timeslots are physically coincident with the master link timesl ots. However received DSBs
can beidentified as master link DSBs or dave link DSBs by the setting of the "master/dave link flag".
Received DNBs can be identified as master link DNBs or dave link DNBs by context.

8.44.1 DM channel during initial call set-up and new call transaction by current
master MS
EN 300 396-4 [4], subclause 8.4.4.1 shall apply.

NOTE: The monitoring may be performed in al four timeslots of the DN232 or DN233 frames on the dave link.
(It isnot required that the master MSis able to monitor the first or last transmission of the DMAC-SYNC
PDU on the slave link.) Asin EN 300 396-4 [4], the DM-MS looks for successful re-transmission of its
own call set-up signalling. Note that it is possible that signalling for another call may be present in
timeslots 2 and 4.

8.4.4.2 DM channel during call set-up with presence check

EN 300 396-4 [4], subclause 8.4.4.2 shall apply.
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8.44.3 DM channel in occupation during a circuit mode call
EN 300 396-4 [4], subclause 8.4.4.3 shall apply with the following differences:

i) A master MSduring an active call transaction shall monitor timedot 3 of frames 2, 5, 8, 11, 14 and 17 on the
master link (instead of frames 1, 4, 7, 10, 13 and 16).

ii) Timing changereguest signalling isnot valid for operation with atype 2 DM-REP.
iii) For aslave MS during channel occupation, a DM random access transmission in timeslot 3 of dave link frame 6
or 12 may take precedence over the reguirement to monitor for occupation signalling.
8.4.4.4 DM channel in reservation during a circuit mode call

EN 300 396-4 [4], subclause 8.4.4.4 shall apply except that timing changerequest signalling is not valid for operation
with atype 2 DM-REP.

NOTE 1: The master link frames "corresponding to re-transmission on the magter link of slave link frames which
are precluded by the requests bitmap" may be different from thosein EN 300 396-4 [4]; see
subclause 8.5.7.2.2.

NOTE 2: Thelinearization frame for dave MSsisdavelink frame 2 (instead of dave link frame 3).

NOTE 3: Re-transmission by the DM-REP of areguest in timeslot 3 of master link frame 7, 13 or 1 takes

precedence over re-transmission of areservation message in timedlot 3 of davelink frame 6, 12 or 18.
Therefore, during reservation, a dave link messageis not always sent in timedot 3 of dave link frames 6,
12 and 18. As permitted by EN 300 396-4 [4], subclause 8.4.4.4, a dave MS may choose instead to
monitor timeslot 1 of dave link frames 6, 12 and 18 for reservation signalling.

8.4.4.5 DM channel in occupation during an SDS call

EN 300 396-4 [4], subclause 8.4.4.5 shall apply except that, during SDS transmissions, the master MS shall monitor

timedot 3 of frames 2, 5, 8, 11, 14 and 17 on the master link (instead of frames 1, 4, 7, 10, 13 and 16).

8.4.4.6 DM channel usage during pre-emption signalling

EN 300 396-4 [4], subclause 8.4.4.6 shall apply.

8.44.7 DM channel usage during timing change request signalling

Timing changerequest signalling isnot valid for operation with atype 2 DM-REP.

8.4.5 Transmission of layer 3 messages by DM-MAC

NOTE: The DM-MStrangmits on the uplink RF carrier f,.

8.45.1 Transmission of C-plane messages by DM-MAC
ETS 300 396-3 [3], subclause 8.4.5.1 shall apply with the following differences:

i) When the DM-MSis sending a DM-SETUP, DM-SETUP PRES, DM-SDS UDATA or DM-SDS DATA
message on a free carrier, it shall transmit the DSB in al four timeslots of the first two signalling frames. If
sending the DSB in more than two signalling frames then timeslots 2 and 4 shall not be used in the subsequent
signalling frames.

When the DM-MSis sending a DM-SETUP, DM-SETUP PRES, DM-SDS UDATA or DM-SDS DATA
message at other times, timeslots 2 and 4 shall not be used in any of the signalling frames. (This applies on
channd B, on channd A if thereisalready a call on channel B, if the DM-MSismaster on areserved DM
channd, after changeover, after pre-emption, for repetitions of DM-SDS UDATA and for immediate
retransmission of DM-SDS DATA.)
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ii) When transmitting DM-CONNECT, the DM-MAC shall send the message in more than one frame if the first
transmission of the messageisin timedot 3 (i.e. if the DM-MAC did not send the message in timedlot 1 in the
first transmission frame). When transmitting DM-DISCONNECT, the DM-MAC should send the message in
more than one frame if the first transmission of the messageisin timedot 3.

iii) When transmitting DM-RELEASE, the DM-MAC shall send the message in timeslot 1 in at least two frames. It
shall also send the message, using a DSB, in each corresponding timeslot 3 unlessit is sending DM-PRE
ACCEPT or thisis alinearization frame. After afailure of link establishment to the DM-REP, the DM-MAC
shall choose theinitial value of the "frame countdown" element to ensure that it sendsthe DM-RELEASE
message in timeslot 3in at least two frames.

iv) For acall set-up without presence check, the transmission of DM-OCCUPIED by the master DM-MS does not
start until after the completion of the DM-REP's re-transmissions of the DM-SETUP message on the dave link.

Transmission of the DM-OCCUPIED messagein timedlot 1 of frame 18 is mandatory for both channel A and
channdl B operation.

V) The pre-emption framesare dave link frames 3, 6, 9, 12, 15 and 18 (instead of frames 2, 5, 8, 11, 14 and 17).
The frames represented by the "requests bitmap" element aredave link frames 1, 4, 7, 8, 10, 13, 14 and 16
(instead of frames 1, 4, 7, 9, 10, 13, 15 and 16).

vi) Following the transmission of the DSBs for afragmented DM-SDS UDATA or DM-SDS DATA message, the
timing of the next fragment shall be as defined in subclause 8.5.4.1.

vii)When tranamitting DM-SDS ACK, the DM-MAC shall normally send the DSB in more than one frameif the
first transmission of the DSB isin timeslot 3. The exception occurs if the DM-MAC did not receive the
DMAC-END PDU terminating a fragmented DM-SDS DATA message, in which case it sendsthe DM-SDS
ACK in only one frame; see subclause 8.5.6.2 ).

8.45.2 Transmission of U-plane messages by DM-MAC

During channel occupation, a master DM-MAC on receiving a DMD-UNITDATA request from the U-plane application
shall perform the procedures as defined in subclause 8.6.

8.4.6 Transmission of layer 2 messages generated by DM-MAC

ETS 300 396-3 [3], subclause 8.4.6 shall apply with the following differences:

i) Transmission of the DM-RESERVED and DM-SDS OCCUPIED message in timeslot 1 of frame 18is
mandatory for both channel A and channel B operation.

i) Messages DM-TIMING REQUEST and DM-TIMING ACK are not used.

NOTE: Timing changes are not permitted when type 2 DM-REP operation is being used. Therefore, when an MS
becomes master, it should set the "timing flag" element to O.

8.4.7 General DM-MAC procedures

8.4.7.1 DM-MAC repeat transmissions

ETS 300 396-3 [3], subclause 8.4.7.1 shall apply. The minimum and maximum numbers of transmission frames for
messages sent using the frame countdown mechanism are given in annex A.

8.4.7.2 DM-MAC frame countdown procedure
ETS 300 396-3 [3], subclause 8.4.7.2 shall apply.

8.4.7.3 Use of timers

The DM-MAC shall use a set of timers e.g. to determine how long it should wait for aresponse to arandom access
message. Thetimersarelisted in annex A.
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8.4.7.4 Linearization

A DM-MS wishing to begin acall may, after determining that the selected channd isfree, linearize its transmitter in the
timejust prior to sending the call set-up signalling.

NOTE 1: A DM-MSisnot permitted to linearize on a free channd at other times, unlessit can linearize without
transmitting on the channdl.

During circuit mode occupation and reservation, amaster MS may linearizein timeslot 3 of frame 3 of any multiframe
on the master link.

During circuit mode occupation, a slave MS (or idle MS) may only conduct linearization if permitted by the master MS;
if permitted then the valid linearization dot istimesot 3 of frame 2 of the dave link. The DM-MAC in the magter MS
shall, in order to enable transmitter linearization to be conducted on the DM channd, permit the use of timed ot 3 of
frame 2 of the dave link for linearization, by setting the "L CH in frame 3 flag" equal to 1 in the call set-up and
occupation signalling.

NOTE 2: If linearization is permitted then it may be performed in timeslot 3 of frame 2 of the slave link after the
completion of the frame countdown for the transmissions of the DM-SETUP or DM-CONNECT ACK
message on the slave link. Also, for acall set-up without presence check, it may be performed in
timeslot 3 during the transmissions of the DM-SETUP message on the slave link if slave link frame 2
occurs during the frame countdown; for a call set-up with presence check, it may be performed in
timeslot 3 of the final frame of the transmissions of the DM-CONNECT ACK message on the dave link
if that frame isslave link frame 2.

NOTE 3: Therequirement on the master DM-MSto permit linearization during circuit mode occupation may be
relaxed for some types of call in future editions of the present document. Therefore, recipients have to
check the setting of the "LCH in frame 3 flag".

NOTE 4: Thedement name"LCH in frame 3 flag" is used for compatibility with ETS 300 396-3 [3]. However
note that, for operation with atype 2 DM-REP, the dave linearization frame is actually dave link frame 2
as defined above.

During reservation, aslave MS (or idle MS) may conduct linearization in timeslot 3 of frame 2 of any multiframe on the
davelink.

During short data occupation, a master MS may conduct linearization in timeslot 3 of master link frame 3 if timedot 1
of master link frame 3isan SCH/F dot or if master link frame 3 occurs while the DM-REP is transmitting the SDS call
set-up DSBs on the dave link. Also, for aDM-SDS DATA message, the MS may conduct linearization in times ot 3 of
master link frame 3 if timeslot 1 of master link frame 2 was an SCH/F dot.

During short data occupation, aslave MS (or idle MS) may conduct linearization in timesot 3 of davelink frame 2 if
timeslot 1 of slave link frame 2 isan SCH/F dot (asindicated by the "number of SCH/F dots' element in the SDS call
set-up DSBS) - except that, for aDM-SDS UDATA message, the MS shall not conduct linearization in the dave link
frame containing the final SCH/F dlot. Also, the MS may conduct linearization in timeslot 3 of dave link frame 2 if
timeslot 1 of slave link frame 3 will be an SCH/F dlot or if save link frame 2 occurs while the DM-REP is transmitting
the SDS call set-up DSBs on the dave link.

When a called M S sends aresponse to a non-fragmented message (received in dave link frame X and containing "frame
countdown" element F), the called MS may linearizeits transmitter in timeslot 1 of dave link frame (X+F) mod 18 + 1.
When a called M S sends aresponse to a fragmented message, the called MS may linearize its transmitter in timeslot 1
of the dave link frame following the slave link frame that contained the DMAC-END PDU.

NOTE5: The DM-MS linearizes on the uplink RF carrier f,.

8.4.7.5 Fragmentation
ETS 300 396-3 [3], subclause 8.4.7.5 shall apply.

8.4.7.6 Fill bit indication
ETS 300 396-3 [3], subclause 8.4.7.6 shall apply.
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8.4.7.7 Selection of pseudo address
ETS 300 396-3 [3], subclause 8.4.7.7 shall apply.

8.4.7.8 Slot flag indication
ETS 300 396-3 [3], subclause 8.4.7.8 shall apply.

8.4.7.9 Requests bitmap

In order that amaster MS may conduct dua watch operation or some form of battery economy mode during channel
reservation the DM-MAC may dictate which dave link frames, in addition to those all ocated for pre-emption, may be
used for random access messages e.g. DM-TX REQUEST messages. The DM-MAC shall using an 8-bit element
indicate in which frames a slave MS may send arandom access message on the slave link. The 8-bit element used shall
relateto frames 1, 4, 7, 8, 10, 13, 14 and 16 of the dlave link.

8.4.7.10 DM aspects of dual watch operation

8.4.7.10.1 Model of operation
ETS 300 396-3 [3], subclause 8.4.7.10.1 shall apply with the following differences:

i) Thelist of DM framesnot normally available for V+D reception shall be replaced by the following list of DM
frames:

- dot 3 of master link frames 6, 12 and 18 (used for occupation/reservation signalling);
- dot 3 of davelink frames 6 and 12 (used for repeated occupation/reservation signalling);

NOTE 1: A daveor idle MS may monitor dot 1 of dave link frame 18 instead of monitoring dot 3 of slave link
frame 18.

- dot 3 of master link frames 2, 5, 8, 11, 14 and 17 (used for repeated pre-emption signalling or the DM-REP
presence signal); and

- dot 3 of master link frame 3 = dot 3 of dave link frame 2 (used for linearization).

ii) In addition to energy economy mode 1 (EG1), energy economy mode 2 (i.e. EG2) isalso not applicable for dual
watch purposes.

NOTE 2: The V+D procedures for requesting dual watch are described in EN 300 392-2 [7], subclauses 16.7.2
and 23.7.7.

8.4.7.10.2 Dual watch synchronization

The dual watch synchronization defines the frame and slot alignment between the V+D control channd and the DM
channels. For the purposes of dual watch synchronization, only the Main Control Channel (MCCH) or a common
Secondary Control Channel (SCCH) are considered as V+D control channels.

For dual watch operation the DM channd synchronization with respect to the appropriate V+D downlink control
channd is defined such that slot 1 of the channel A master link shall lead the appropriate V+D downlink ot by 42,5
dot durations. This means that:

- dot 1 of the channel A slave link leads the appropriate V+D downlink slot by 38,5 slot durations;

- dot 1 of the channel B master link leads the appropriate V+D downlink slot by 41,5 dlot durations;

- dot 1 of the channel B slave link leads the appropriate V+D downlink slot by 37,5 dot durations.
See also subclause 8.4.1.2.
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Figure 11 illustrates the dual watch synchronization. In this scenario thereisa call ongoing on DM channd A. The DM
channd abbreviations are as defined in subclause 4.3. It isassumed in this scenario that the MS is monitoring the V+D
MCCH (i.e. dot 1) and that the SwMI has assigned energy economy mode EG3. V+D downlink dots 1'sin "awake"
frames are denoted as "rx".

Frame # 13 14 15 16 17 18
Slot # 1]2]3]a]1]2]3]a]1]2|3]a|1]|2|3]a|1]2]3]a]1]2]3]4
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ﬁn'ive Lol | [ Je] [ ] el B2 Je] [ | Jiel | | [ [p?

Figure 11: lllustration of dual watch synchronization for DM channel A

NOTE: When operating with atype 2 DM-REP, timing adjustment cannot be requested by dave MSsto achieve
the dual watch synchronization.
8.4.7.10.3 Dual watch precedence rules
ETS 300 396-3[3], subclause 8.4.7.10.3 shall apply (optionally with differences asindicated in note 2).

NOTE 1: DM requirementsfor amaster MS to monitor the slave link in order to detect the re-transmission of its
call set-up signalling by the DM-REP may take precedence over V+D dua watch reception.

NOTE 2: It isexpected that future editions of ETS 300 396-3 [3] will specify that the requirement to give
precedence to reserved access on the V+D system applies only to an individually addressed dot grant
allocating a subslot or sot(s) on the current V+D channel and that it need not apply if the MSis currently
in an emergency Direct Mode call. Also, asdefined in EN 300 392-2 [7], subclause 23.4.5, the MSis
permitted to use the first subdot of an individually addressed dot grant for linearization (then maintaining
adequate V+D linearization on that V+D carrier for at least 4 multiframe periods).

M Ss operating with atype 2 DM-REP may implement the modified procedures.

8.4.7.11 Air interface encryption
ETS 300 396-3 [3], subclause 8.4.7.11 shall apply.

8.4.7.12 Channel A or B operation

When the DM-MAC sendsa DMAC-SYNC PDU on DM channel A, it shall set the"A/B channel usage" element to
indicate "channd A, frequency efficient mode".

When the DM-MAC sendsa DMAC-SYNC PDU on DM channel B, it shall set the "A/B channd usage" e ement to
indicate "channel B".

After a changeover or pre-emption, the new master DM-MAC shall indicate the same DM channél (i.e. channel A or
channd B) asthe previous master.

8.4.7.13 Sending short data as a transaction within a circuit mode call

ETS 300 396-3 [3], subclause 8.4.7.13 shall apply.
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8.4.7.14 SDS time remaining
ETS 300 396-3 [3], subclause 8.4.7.14 shall apply.

NOTE 1: The DM-MS should include an alowance of DN233 frames within the "SDS timeremaining" for the
DM-REP'sre-transmission of the short data DSBs on the dave link.

NOTE 2: Layer 3 may choose to issue multiple DMA-UNITDATA request primitives for the sasme DM-SDS
UDATA message. The DM-MAC treats each of the DMA-UNITDATA request primitives as arequest
for a separate transaction. Therefore the "SDS time remaining” element covers only the number of
transmissions requested by the current DMA-UNITDATA request primitive.

8.4.7.15 Timing change procedure

During atype 2 call through atype 2 DM-REP, DM-MSs shall not request atiming adjustment. Therefore the
procedures defined in ETS 300 396-3 [3], subclause 8.4.7.15 do not apply.

8.4.7.16 Timing change at changeover or pre-emption

During atype 2 call through atype 2 DM-REP, a DM-M S requesting changeover or pre-emption shall not include a
"timing adjustment” element within the request message.

8.5 MAC procedures for transfer of signalling messages

85.1 Formation of MAC PDU
EN 300 396-4 [4], subclause 8.5.1 shall apply.

8.5.2  Addressing
EN 300 396-4 [4], subclause 8.5.2 shall apply.

8.5.3 Use of air interface encryption
EN 300 396-4 [4], subclause 8.5.3 shall apply.

8.5.4 Fragmentation and reconstruction
EN 300 396-4 [4], subclause 8.5.4 shall apply.

85.5 Fill bit addition and deletion
ETS 300 396-3 [3], subclause 8.5.5 shall apply.

8.5.6 Transmission and reception of messages by layer 2
EN 300 396-4 [4], subclause 8.5.6 shall apply with the following differences:

i) Insubclause 8.5.6.2 c), the Slave DM-M S which becomes the new master after a successful pre-emption or
changeover shall adopt the state of the timing counters currently in use on the master link. Thisrequires an
increase of four timeslots relative to the state of the slot and frame counters currently indicated by the DM-REP
on thedavelink (i.e. counter TN shall be incremented four times). Then the transmission of the DSBs shall start
in either master link frame (X+F+1) mod 18 + 1 or master link frame (X+F+2) mod 18 + 1.

ii) Insubclause 8.5.6.2 €), the responding DM-MSisnot permitted to linearize in dot 2 of dave link
frame (X+F) mod 18 + 1.

ETSI



38 ETSI EN 300 396-7 V1.2.1 (2000-12)

NOTE: For operation with atype 2 DM-REP, the DM-MS transmits on the uplink RF carrier f; and receives on
the downlink RF carrier f,.

8.5.7 Random access protocol

85.7.1 Introduction

ETS 300 396-3 [3], subclause 8.5.7.1 shall apply except that timing change request signalling isnot valid for operation
with atype 2 DM-REP.

For operation with a DM-REP, arequesting dave DM-MS sends its random access message on the dlave link in an
appropriate dot 3. When the DM-REP receives a random access message, it smply repeats the random access message
on the master link; it does not send any form of interim response to the dave. It isthe responsibility of the master
DM-MS to decide whether to accept the request and then to send aresponse (on the master link). The DM-REP then
repeats the response on the dave link.

For operation with atype 2 DM-REP, the pre-emption dotson the davelink are ot 3 of dave link frames 3, 6, 9, 12,
15 and 18. The additional request dots onthedavelink are dot 3 of davelink frames 1, 4, 7, 8, 10, 13, 14 and 16. In
most cases the DM-REP repesats the request on the magter link four dotslater, so arequest sent in dot 3 of dave link
frame X isrepeated in dot 3 of master link frame (X+1) mod 18 + 1. For example, a pre-emption request sentin slot 3
of davelink frame 3 isrepeated in dot 3 of madter link frame 5. (Exceptions are requests sent in dot 3 of dave link
frames 1, 4, 10 and 16; these are repeated in slot 3 of master link frames 4, 7, 13 and 1 respectively, thereby avoiding
framesin which the master DM-MSislinearizing or sending reservation signalling.)

85.7.2 Procedures for master DM-MS

8.5.7.21 Indicating frames available for requests
When the DM-MAC transmits DM-SETUP, DM-CONNECT ACK and DM-OCCUPIED messages.
- it shall set the "timing flag" to O to indicate that timing change requests are not allowed; and

- it shall set the "pre-emption flag" to 1 to indicate that slot 3 of frames 3, 6, 9, 12, 15 and 18 on the davelink is
available for pre-emption requests during the occupation period.

NOTE: Therequirement to set the "pre-emption flag" to 1 may be relaxed for some types of call in future editions
of the present document.

When the master DM-MAC transmits DM-TX CEASED and DM-RESERVED, it shall set the "requests flag" and
"changeover requests flag” to indicate that random access requests may be sent, unlessit has already received and is
accepting a pre-emption or changeover request. If random access requests are invited then the master DM-MAC shall
also set the "requests bitmap” e ement to indicate whether random access requests may be sent on the dlave link in slot 3
of frames 1, 4, 7, 8, 10, 13, 14 and 16 during the reservation period (in addition to the pre-emption dots). It should
allow random access requests on the davelink in slot 3 of frames 1, 4, 7, 8, 10, 13, 14 and 16 unlessit may be
performing dual watch or battery economy procedures in master link frames 4, 7, 9, 10, 13, 15, 16 or 1 respectively.

8.5.7.2.2 Monitoring frames available for requests

During occupation for a circuit mode call, the master DM-MAC shall monitor slot 3 of frames 2, 5, 8, 11, 14 and 17 on
the master link for pre-emption requests addressed to itsalf.

During channel reservation (and, if requests areinvited, during the final few frames of circuit mode occupation i.e.
during the frame countdown for the DM-TX CEASED message), the master DM-MAC shall monitor dot 3 of frames 2,
5, 8, 11, 14 and 17 on the master link, looking for pre-emption or changeover requests addressed to itsalf. It shall also
monitor the following slots for pre-emption or changeover requests addressed to itself:

- if, in therequests bitmap, the master DM-MAC allowed requests on thedave link in dot 3 of frame 1 then it
shall monitor slot 3 of frame 4 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on thedave link in dot 3 of frame 4 then it
shall monitor slot 3 of frame 7 on the master link;
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- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 7 then it
shall monitor slot 3 of frame 9 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 8 then it
shall monitor slot 3 of frame 10 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 10 then it
shall monitor slot 3 of frame 13 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 13 then it
shall monitor slot 3 of frame 15 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 14 then it
shall monitor slot 3 of frame 16 on the master link;

- if, in therequests bitmap, the master DM-MAC allowed requests on the slave link in dot 3 of frame 16 then it
shall monitor slot 3 of frame 1 on the master link.

When sending SCH/F for afragmented DM-SDS UDATA or DM-SDS DATA message, and in the following two
frames for a DM-SDS DATA message, the master DM-MAC shall monitor dot 3 of frames 2, 5, 8, 11, 14 and 17 on the
master link for pre-emption requests addressed to itself.

NOTE: If theprotocol requires the DM-MSto transmit in any of the monitoring dots specified in this subclause,
the transmission takes precedence over the monitoring requirement.
8.5.7.2.3 Response to pre-emption or changeover request
ETS 300 396-3 [3], subclause 8.5.7.2.3 shall apply with the following differences:

i) Inthefirst paragraph of a), text "time DT211 minus 1 frame duration™ shall be replaced by text "time DT211
minus 3 frame durations'. Also, text "time DT212 minus 1 frame duration” shall be replaced by text "time
DT212 minus 3 frame durations'.

ii) After accepting apre-emption or changeover request, the DM-MS shall stop being master (as defined in
ETS 300 396-3[3], subclause 8.5.7.2.3), and startsto receive on the dave link. The DM-MS should expect the

dot and frame numbering on the slave link to run four timed ots behind the slot and frame numbering that it has
been using on the master link.

iii) In procedure b), if the master DM-MS sends the DM-REJECT message in slot 3 during circuit mode occupation,
it may use only master link frame 9 or 15.

NOTE: Referencesin ETS 300 396-3 [3], subclause 8.5.7.2.3 to transmission by the master DM-MAC in "dot 1"
or "dot 3" refer to slot and frame numbering on the master link.

85724 Response to timing change request

Timing changerequest signalling isnot valid for operation with atype 2 DM-REP. Therefore ETS 300 396-3 [3],
subclause 8.5.7.2.4 does not apply.

8.5.7.3 Procedures for requesting DM-MS

8.5.73.1 Preparing for random access

ETS 300 396-3 [3], subclause 8.5.7.3.1 shall apply except that the pre-emption frames are dave link frames 3, 6, 9, 12,
15 and 18 (instead of frames 2, 5, 8, 11, 14 and 17).

8.5.7.3.2 First transmission of request

ETS 300 396-3 [3], subclause 8.5.7.3.2 shall apply except that timing change request signalling is not valid for
operation with atype 2 DM-REP.
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8.5.7.3.3 Valid access slots
For random access to send a pre-emption request, the "valid access dots' are as follows:

- During circuit mode occupation: slot 3 of davelink frames 3, 6, 9, 12, 15 and 18, if allowed by the "pre-emption
flag".

NOTE 1: If pre-emption reguests are permitted during circuit mode occupation, the "valid access dots' as defined
may be used after the completion of the frame countdown for the transmissions of the DM-SETUP or
DM-CONNECT ACK message on the dave link. Therequesting DM-MS may also (optionally) regard
dot 3 of thefinal frame of the transmissions of the DM-SETUP or DM-CONNECT ACK message on the
davelink asa"valid access dot", if that frame issavelink frame 3, 6, 9, 12, 15 or 18.

- During channel reservation and if the most recently received "requests flag" was set to 1: dot 3 of dave link
frames 3, 6, 9, 12, 15 and 18, and optionally also the dot 3'sindicated by the "requests bitmap". ItisaDM-MS
choice whether to change the pattern of valid access dotsin reservation.

NOTE 2: For operation with atype 2 DM-REP, the frames represented by the "requests bitmap" element are dave
link frames 1, 4, 7, 8, 10, 13, 14 and 16.

- During short data occupation for DM-SDS DATA: dot 3 of slave link frames 3, 6, 9, 12, 15 and 18, but
restricted to those frames in which the DM-MS expects the DM-REP to transmit SCH/F on the davelink in
dot 1. (Those frames were indicated by the combination of the "frame countdown" and "number of SCH/F dots"
elementsin the DMAC-SYNC PDU that contained the DM-SDS DATA header.) Therequesting DM-MS may
also (optionally) regard dot 3 of the final frame of the transmissions of the DM-SDS DATA DSB on the dave
link or dlot 3 of the frame preceding the first SCH/F dlot asa"valid access dot”, if the frameisdave link
frame3, 6, 9, 12, 15 or 18.

- During short data occupation for DM-SDS UDATA: as for short data occupation for DM-SDS DATA except
that the requesting DM-MS shall not regard either dot 3 of the dave link frame containing the final SCH/F ot
or dot 3 of the dave link frame preceding the final SCH/F dot as "valid access dots'.

For random access to send a changeover request during channel reservation, and if the most recently received "requests
flag" and "changeover requests flag" were both set to 1, the "valid access dots' are dot 3 of davelink frames 3, 6, 9,
12, 15 and 18 and those dot 3'sindicated by the "requests bitmap" e ement. (Changeover requests shall not be sent
during short data or circuit mode occupation.)

NOTE 3: Slotsmay be "valid access dots" for changeover requests using the above rule for channel reservation as
soon asthe DM-MS hasreceived a DM-TX CEASED message. It need not wait for the end of the frame
countdown on the DM-TX CEASED.

However if the DM-MAC receives a message other than DM-TX CEASED or DM-REJECT inaDSB inadot 1, with
"frame countdown™ element F not equal to 00,, then it shall regard the slot 3 of that frame as not being a valid access

dot. If it receives a message other than DM-TX CEASED or DM-REJECT inaDSB (inadot 1 or slot 3) with F> 01,
then it shall regard the slot 3 of the next F-1 frames as not being valid access dlots.

If the DM-MAC has not successfully decoded a message from the master indicating that the random access is permitted,
within the previous time DT214, then it shall regard all slots as not being valid access dlots until it decodes an
appropriate message from the master (sent by the master through the DM-REP).

NOTE 4: Messages defining the currently permitted types of random access (either explicitly or implicitly) are
DM-SETUP, DM-CONNECT ACK, DM-OCCUPIED, DM-TX CEASED, DM-RESERVED, DSB of
DM-SDS UDATA and DSB of DM-SDS DATA.

If the DM-MS isnot adequatdly linearized then it shall regard all dots asnot being valid access dots until it has
linearized its transmitter.
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8.5.7.34 Waiting for response
ETS 300 396-3[3], subclause 8.5.7.3.4 shall apply with the following differences:
i) Timing changereguest signalling isnot valid for operation with atype 2 DM-REP.

ii) For arequest sentin dot 3 of slave link frame 1, 4, 10 or 16, the time-out waiting for arandom access response
shall beincreased by 1 frame duration i.e. text "time DT211" shall bereplaced by text "time DT211 plus 1 frame
duration” and text "time DT212" shall bereplaced by text "time DT212 plus 1 frame duration”. (For requests
sent in frames other than dave link frames 1, 4, 10 and 16, text "time DT211" and text "time DT212" apply
without amendment).

NOTE: Referencesin ETS 300 396-3 [3], subclause 8.5.7.3.4 to monitoring dot 1 and slot 3 of the following
frames for aresponserefer to slot and frame numbering on the dave link.

8.5.7.3.5 Subsequent transmission of request
ETS 300 396-3[3], subclause 8.5.7.3.5 shall apply with the following differences:

i) During occupation, if the K'th valid access dot issot 3 of adave link frame 6 or 12 then the DM-MAC may
choose to tranamit the request instead in the K+1'th valid access dot.

NOTE: For example, the DM-MAC may choose to use this option if it has not received a message from the
master recently and wishes to monitor the downlink dot for an occupation message (sent by the master
through the DM-REP).

ii) Timing changerequest signalling isnot valid for operation with atype 2 DM-REP.

8.5.7.3.6 Abandoning random access attempt

ETS 300 396-3[3], subclause 8.5.7.3.6 shall apply except that timing change request signalling is not valid for
operation with atype 2 DM-REP.

NOTE: Innotel, if the current master re-starts transmission, the DM-MAC may continue a pre-emption random
access attempt during the final frame of, or after the frame countdown for, the transmissions of the
DM-SETUP or DM-CONNECT ACK message or short data DSBs on the slave link.

8.6 MAC procedures in traffic mode

EN 300 396-4 [4], subclause 8.6 shall apply.

NOTE 1: In subclause 8.6.2, the new cases 6) and 7) apply only to the DM channel being used for the cal (i.e.
channd A or channel B), or to a presence signal indicating the complete carrier.

NOTE 2: In subclause 8.6.3.1.1 and subclause 8.6.3.2.1, the call set-up may take place on either channel A or
channel B.

9 DM-REP layer 2 protocol for a type 2 DM-REP

9.1 Introduction

As described in clause 4, a DM-REP comprises only a Physical Layer (PL) and Data Link Layer (DLL). This clause
describes the operation of the DLL in atype 2 DM-REP.

NOTE 1: For type 2 DM-REP operation, transmissions by DM-MSs are sent on the appropriate DM "uplink” RF
carrier f; and transmissions from the DM-REP to DM-MSs are sent on the associated (dupl ex-spaced)

DM "downlink" RF carrier f,. A type 2 DM-REP can support two simultaneous calls on the pair of RF
carriers (f; and f,).
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NOTE 2: The methods of dot usage are different in the case of atype 1 DM-REP. The procedures for atype 1
DM-REP (and for type 1B calls through atype 2 DM-REP) are described in EN 300 396-4 [4].

NOTE 3: This clause defines only the procedures specific to the DM-REP functions. (If the DM-REP has a handset
attached then the equipment isin essence a combined DM-REP and terminating mobile.)

TheDLL in the DM-REP s divided into two sub-layers: the upper MAC and the lower MAC.

91.1 Functions of lower MAC
EN 300 396-4 [4], subclause 9.1.1 shall apply.

See clause 12 for specific details of the lower MAC functionality.

9.1.2 Functions of upper MAC
EN 300 396-4 [4], subclause 9.1.2 shall apply.
The functions of the upper MAC in the DM-REP are described in this clause.

NOTE: A type 2 DM-REP can support two simultaneous calls on the pair of duplex-spaced RF carriers (f; and
f5). When the DM-REP is active in two calls, the upper MAC procedures generally apply independently
for each call. So, for example:

- the DM-REP receives signalling messages and traffic from the master DM-MS, on each master link,
and re-tranamits the received messages and traffic on the corresponding dave link;

- the DM-REP receives signalling messages from slave DM-MSs, on each dave link, and re-transmits
the received messages on the corresponding master link.

9.2 Interface between lower and upper MAC
EN 300 396-4 [4], subclause 9.2 shall apply.

NOTE: Thus, asdefinedin EN 300 396-4 [4], subclause 9.2, the scrambling mechanism for SCH/F, STCH and
TCH is based on the "repeater address’ element and the layer 2 "source address’ e ement from the
appropriate DMAC-SYNC PDU.

9.3 Basic capabilities of the DM-REP physical layer

A type 2 DM-REP shall be capable of transmitting on one DM RF carrier (the selected "downlink™ frequency f, from
the DM-REP to DM-MSs) and receiving on adifferent DM RF carrier (the associated "uplink” frequency f; from
DM-MSs to the DM-REP), using frequency full duplex operation.

The DM-REP shall be capable of transmitting in &l four timeslots of frames whenever required by the proceduresin
this clause.

NOTE: Whilethe DM-REPisactivein circuit mode occupation in two simultaneous calls, it needs to transmit for
an average of approximately 67 % of thetime. A higher transmission ratio may be needed at call set-up
(i.e. 100 % transmission for several frames), whereas less transmission is generally needed during
reservation than in occupation.
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9.4 Usage of DM channel

9.4.1 DM-REP operation

9411 Channel structure

When the DM-REP isidle (i.e. when it is not supporting a call) and the channd is perceived as free, the DM-REP may
tranamit a presence signal announcing its presence.

During callsthat use the DM-REP, the DM-REP receives signalling messages and traffic from the master DM-MS and
shall re-transmit that information to the called dave DM-MSs. It also may receive signalling messages from slave
DM-MSs, in which case it re-transmits those messages to the master DM-MS.

During calls, communi cations between the DM-REP and the master DM-MS shall use the master link's ot and frame
numbering. Communications between the DM-REP and slave DM-M Ss shall usethe slave link's slot and frame
numbering. For each link, the call is conducted primarily in timedots 1 and 3 in each frame according to that link's slot
and frame numbering (except for call set-up messages, which sometimes may use all four timeslots).

Trangmissions from the DM-REP to DM-MSs are sent on the selected DM downlink RF carrier f, whereas
transmissions by DM-MSs are sent on the associated uplink RF carrier f;. This applies to both master link and dave
link transmissions.

A type 2 DM-REP can support two simultaneous calls on the pair of duplex-spaced RF carriers (f; and f,). Each call

takes place on one DM channel. Thustwo DM channels (designated channel A and channel B) may exist on the pair of
RF carriers. In order to avoid signalling collisions between the two calls, the DM channdls are arranged so that a call
using DM channel A is conducted primarily in two timeslots on each of the RF carriers, whereasacall using DM
channdl B occupies the other two timedlots. In order to achievethis:

a) the master link and the slave link for one DM channel need to use the same two timeslots on both the uplink RF
carrier f; and the downlink RF carrier f, (on atime-sharing basis); and so

b) the dot and frame numbering on the slave link lags four timed ots behind the master link's slot and frame
numbering.

Therefore the same 9ot numbering applies on both the magter link and the dlave link for one DM channd. However, the
frame numbering on the slave link lags one frame behind the frame numbering on the master link. The channel structure
isillustrated in figures 9 and 10.

A call using channd A is conducted primarily in timeslots 1 and 3 in each frame according to the channel A numbering.
From the perception of channel B, a call using channel B isa so conducted in timeslots 1 and 3; these timesl ots coincide
with timeslots 2 and 4 as seen by channd A.

9.4.1.2 Channel synchronization

When the DM-REP isactivein acall on channe A, it shall adopt and follow the dot timing defined by the current
channel A master DM-MS for all transmissions on the downlink RF carrier f, - though with different frame numbering
for channd A dave link transmissions, and different dlot and frame numbering for channd B transmissions. (The
channel B master DM-MS follows the slot timing received on the downlink RF carrier f,,.)

When the DM-REP isactive in a call on channel B and channel A isfree, the DM-REP shall maintain the dlot timing.
(The channel B master DM-MS dtill follows the slot timing received on the downlink RF carrier f,.)

The DM-REP provides the frequency synchronization. If the DM-REP has been generating the presence signal then, at
the start of anew call on afree carrier, the channd A master DM-MS takesitsinitial frequency synchronization from
the presence signal. If a presence signal (or other suitable signalling) from the DM-REP has not been received
sufficiently recently, the channd A master DM-MS uses its own frequency reference to generate the transmission
frequency for theinitial call set-up messages. In either case, the DM-REP shall use its own frequency reference when
transmitting on the downlink RF carrier f,. The DM-REP then maintains the frequency, as defined in clause 12, and

both the channd A and channd B master DM-MSs and the dave DM-MSs follow the DM-REP.
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The DM-REP shall use the same frequency for al transmissions on the downlink RF carrier f, i.e. it shall usethe same
frequency for both master link and dave link and for both channel A and channd B.

When the DM-REP is active, it shall use the same power level for all transmissions on the downlink RF carrier f, i.e. it
shall use the same power level for both magter link and slave link and for both channel A and channd B.

94.2 DM-REP states

The DM-REP shall monitor activity on the appropriate DM RF carrier in order to determine the current state of the
channd and to receive any signalling messages addressed to itself (i.e with its address as the "repeater address' e ement
in the DMAC-SYNC PDU).

When the DM-REP receives a MAC PDU, it may decode and use any of the elementsthat are visible at layer 2
(including the "message type" element and the message-dependent elements). For example, it shall usereceived layer 2
elements to decide whether and how to re-transmit the message, to adapt its monitoring procedures and to update its
state modd.

NOTE: The DM-REP may decode and use any of the elementsthat are visible at layer 2, irrespective of whether
it isaddressed by the message.
9421 DM-REP state definitions

Thefollowing primary states are defined for the DM-REP, based on its own activity and the current state of the channél.
These shall be used to determine which procedure the DM-REP follows at any point in time,

1) DM-REP idle- channd free

The DM-REP is currently operating in idle mode on a channel which is perceived asfreei.e. no activity is
detected on the channel (except possible detection of other DM-REP or gateway presence signals indicating that
the channel isfree).

2) DM-REP idle - channd busy (i.e. channel A and/or channel B occupied or reserved)
The DM-REP is currently operating in idle mode, and channel A and/or channd B is perceived as being:

- occupied i.e. signalling or traffic information not addressed to the DM-REP is detected on the DM channd;
or

- resarved i.e. channd reservation signalling not addressed to the DM-REP is detected on the DM channd; or
other activity is detected on the channel.
3) DM-REP activein occupation or reservation on channel A and/or channel B

The DM-REP isin active mode on channd A and/or channel B. On each DM channel the DM-REP may be
activein:

- channd occupation, re-transmitting traffic and/or signalling in a call transaction (either a circuit mode traffic
transmission or a short data transmission); or

- channéd reservation, intermittently re-transmitting signalling during areservation period.

In state 2) and state 3), the DM-REP shall retain channel state information for both channel A and channel B when
appropriate.

NOTE: Thus, within state 2 (i.e. when idle on a busy channdl), the DM-REP may need to be able to maintain the
following sub-states:

- channd A free, channel B occupied;
- channd A free, channel B reserved;
- channd A occupied, channel B free;

- channd A occupied, channel B occupied;
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channel A occupied, channel B reserved;

channd A reserved, channel B free;

channd A reserved, channd B occupied;

channd A reserved, channel B reserved;

channd A occupied in normal mode (or other activity detected on channd);

channd A reserved in normal mode.

Within state 3 (i.e. when active), the DM-REP needs to be able to maintain the following sub-states:

9422

channd A free, DM-REP active in occupation on channd B;
channd A free, DM-REP active in reservation on channel B;
DM-REP active in occupation on channd A, channel B freg;
DM-REP active in occupation on channe A, active in occupation on channd B;
DM-REP activein occupation on channd A, active in reservation on channd B;
DM-REP active in reservation on channel A, channd B free;
DM-REP activein reservation on channel A, active in occupation on channed B;

DM-REP activein reservation on channe A, active in reservation on channd B.

DM-REP channel surveillance procedures

A DM-REP shall conduct channd surveillance procedures on the appropriate DM RF carrier in order to determineits

current state.

94221

DM-REP channel surveillance when idle on a free channel (i.e. in state 1)

EN 300 396-4 [4], subclause 9.4.2.2.1 shall apply with the following differences:

i) Procedure a) (concerning type 1A DM-REP operation) isnot appropriate.

i) In procedure b), the DM-REP should continue to monitor the uplink RF carrier f; when it is transmitting its
DM-REP presence signal and linearizing.

NOTE: The optional procedure described in note 1 of EN 300 396-4 [4], subclause 9.4.2.2.1 for atype 1B
DM-REP may be used also by atype 2 DM-REP.

94222

DM-REP channel surveillance when idle on a busy channel (i.e. in state 2)

EN 300 396-4 [4], subclause 9.4.2.2.2 shall apply.

NOTE 1: Thisprocedure appliesto both channel A and channel B when they are both busy.

If channd B is perceived as free then the DM-REP monitors channel A as specified and, in addition,
should monitor at least the timedlot following timeslot 3 of channel A frames 6, 12 and 18. If channd A is
perceived as free then the DM-REP monitors channel B as specified and, in addition, should monitor at
least the timeslot preceding timeslot 3 of channel B frames 6, 12 and 18.

NOTE 2: The procedure described in note 2 of EN 300 396-4 [4], subclause 9.4.2.2.2 for atype 1B DM-REP
applies also for atype 2 DM-REP.
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9.4.2.23 DM-REP channel surveillance when idle at DM-MS call set-up
EN 300 396-4 [4], subclause 9.4.2.2.3 shall apply.

NOTE 1: Anidle DM-REP should normally ignore a call set-up unlessthe channd surveillance procedures indicate
that the channel was completdly freei.e. both channd A and channel B (except asindicated in note 3 of
EN 300 396-4 [4], subclause 9.4.2.2.3). The present document does not support operation where the
DM-MSs on channd B may use a different DM-REP or communication type from the DM-MSs on
channd A.

NOTE 2: The procedure described in note 2 of EN 300 396-4 [4], subclause 9.4.2.2.3 for atype 1B DM-REP
applies also for atype 2 DM-REP.

94.22.4 DM-REP channel surveillance when active with one DM channel free

When the DM-REP is active on one DM channel (i.e. channd A or channel B), it shall perform channel surveillance on
that DM channel as defined in subclause 9.4.2.3.

The DM-REP should monitor the two unused timeslots on the uplink RF carrier f; in order to detect any DSBs present
and decode any layer 2 information available.

If the DM-REP receives a call set-up message (i.e. aDM-SETUP or DM-SETUP PRES message or a DM-SDS
UDATA or DM-SDS DATA DSB) indicating the free DM channdl (i.e. channd B or channd A respectively) and
containing its own 10-bit repeater address then it may accept the call set-up:

- if accepting the call set-up, the DM-REP shall become active in the call and shall re-transmit the signalling
information and any traffic relating to the call; or

- if not accepting the call set-up, the DM-REP shall ignore the message.

9.4.2.3 DM-REP channel surveillance when active during a call
EN 300 396-4 [4], subclause 9.4.2.3 shall apply.

NOTE: These proceduresrefer to the DM channd being used for the call i.e. channel A or channd B. When the
DM-REP s activein two calls, the procedures apply independently for each call. Note that the
requirement to enter idle mode on expiry of timer DT256 or DT 258 applies only to the call that has been
lost.

9.4.3 Criteria for changing DM-REP state
EN 300 396-4 [4], subclause 9.4.3 shall apply.
NOTE: TheDM-REP needsto retain channd state information for both channel A and channel B (when
appropriate).
944 DM-REP channel monitoring procedures

A DM-REP in idle mode (and when one DM channd isfree) shall monitor the appropriate DM RF carrier(s) in order to
keep an up-to-date record of the perceived state of the channel and to receive any call set-up messages containing its
own 10-bit repeater address; refer to subclause 9.4.2.2.

The following subclauses define the minimum monitoring requirements when the DM-REP isin active mode repeating
signalling and/or traffic, after reception and re-transmission of call set-up messages containing its own repeater address.
The methods for the re-transmission of received messages and traffic are defined in subclauses 9.5 and 9.6 respectively.

The channel monitoring procedures refer to the uplink RF carrier f;.

In the channel monitoring procedures, the DM-REP should monitor in dots on the uplink RF carrier f;, when
appropriate, whileit istransmitting on the downlink RF carrier f,. (This contrasts with atype 1 DM-REP, whichisnot
required to be capable of frequency full duplex operation.)
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The channd monitoring proceduresrefer to the DM channd being used for the call i.e. channd A or channel B. When
the DM-REP is active in two calls, the channel monitoring procedures apply independently for each call.

NOTE: Thedavelink timeslotsare physically coincident with the master link timesl ots. However received DSBs
can beidentified as master link DSBs or dave link DSBs by the setting of the "master/dave link flag".
Received DNBs can be identified as master link DNBs or dave link DNBs by context.
9441 DM channel during call set-up with presence check

EN 300 396-4 [4], subclause 9.4.4.1 shdll apply.

9.4.4.2 DM channel in occupation during a circuit mode call
EN 300 396-4 [4], subclause 9.4.4.2 shall apply with the following differences:

i) The pre-emption frames on the dave link are dave link frames 3, 6, 9, 12, 15 and 18 (instead of dave link
frames 2, 5, 8, 11, 14 and 17).

ii) The DM-REP shal additionally monitor dot 3 for aDSB carrying a pre-emption request during the final frame
of itsre-transmissions of the DM-SETUP or DM-CONNECT ACK message on the dave link, if that frameis
davelink frame 3, 6, 9, 12, 15 or 18.

iii) Timing changerequest signalling isnot valid for operation with atype 2 DM-REP.

9.4.4.3 DM channel in reservation during a circuit mode call
EN 300 396-4 [4], subclause 9.4.4.3 shall apply with the following differences:
i) Thenoteisnot valid.

i) The pre-emption frames on the dave link are dave link frames 3, 6, 9, 12, 15 and 18 (ingtead of dave link
frames 2, 5, 8, 11, 14 and 17).

iii) Timing changerequest signalling isnot valid for operation with atype 2 DM-REP.

NOTE: Theframesrepresented by the "requests bitmap" element aredavelink frames 1, 4, 7, 8, 10, 13, 14 and
16 (ingead of davelink frames 1, 4, 7, 9, 10, 13, 15 and 16).

9444 DM channel in occupation during an SDS call
EN 300 396-4 [4], subclause 9.4.4.4 shall apply with the following differences:

i) The pre-emption frames on the dave link are dave link frames 3, 6, 9, 12, 15 and 18 (ingtead of dave link
frames 2, 5, 8, 11, 14 and 17).

ii) The DM-REP shal additionally monitor dot 3 for aDSB carrying a pre-emption request during the final frame
of itsre-transmissions of the DM-SDS UDATA or DM-SDS DATA DSB on the dave link, if that frameis dave
link frame 3, 6, 9, 12, 15 or 18.

NOTE: Inthenotein procedure a), the option to enter idle mode on receipt of a Null PDU from the master
DM-MS when there was no prior DM-PREEMPT message applies only to this DM channd (i.e.
channd A or channel B).

9.4.45 DM channel following pre-emption or changeover acceptance

EN 300 396-4 [4], subclause 9.4.4.5 shall apply except that, after the frame countdown for a DM-TX ACCEPT message
or for aDM-PRE ACCEPT message accepting a pre-emption within the ongoing call, the DM-REP shall then monitor
the master link for call set-up DSBs only in slots 1 and 3 of the following frames (instead of in dl four dots).

NOTE: Therequirement to enter idle mode on expiry of timer DT252, or after the frame countdown for a
DM-PRE ACCEPT message accepting anew call pre-emption, applies only to this DM channel (i.e.
channel A or channd B).
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9.4.4.6 DM channel following timing change announcement

Timing adjustment isnot valid for operation with atype 2 DM-REP.
9.4.5 DM-REP presence signal

945.1 Channel free

94511 DM-REP idle on a free carrier (i.e. in state 1)
EN 300 396-4 [4], subclause 9.4.5.1 shall apply.

NOTE 1: When sending the presence signal on afree carrier (i.e. when both channd A and channd B are free), the
DM-REP sets element "channel usage” to 00, and sets element "channd state" to 00, to indicate channel

free

NOTE 2: If the DM-REP sends the presence signa on afree carrier, it may choose to use a DM timing reference
based on thetiming of a previous call. This applies particularly if the signalling in the previous call
indicated use of the dua watch synchronization. If using this option then, after atype 2 call, the DM-REP
should base the dot and frame numbering in free-carrier dave link presence signals on the dot and frame
numbering of the channd A dave link. However, after atype 1B call through the DM-REP, the DM-REP
should return to the type 2 dual watch synchronization; thusit should set the dot and frame numbering in
free-carrier dave link presence signals eight frames ahead of the slot and frame numbering of the type 1B
dave link.

NOTE 3: If the DM-REP detects call set-up signalling whileit istranamitting the free-channd presence signal then
it may stop transmitting the presence signal irrespective of the frame countdown value.

945.1.2 DM-REP active with one DM channel free

When the DM-REP is active on one DM channel (i.e. channd A or channel B), it shall transmit the appropriate presence
signalson that DM channel as defined in subclauses 9.4.5.2 and 9.4.5.3.

The DM-REP may transmit the free-channel presence signal on the unused DM channel (i.e. channel B or channd A
respectively). If this option is used then the DM-REP designer should choose when the presence signal is sent.

NOTE: When sending the presence signal on the active DM channel, the DM-REP sets element "channd usage’
to 01, or 10, as appropriate and sets element "channel state” to indicate occupation or reservation.

When sending the presence signal on the unused DM channel, the DM-REP sets e ement "channd usage”
to the unused DM channel value (i.e. 10, or 01, as appropriate) and sets element "channe state” to 00, to

indicate channd free.

9.45.2 DM channel in occupation

NOTE 1: The proceduresin this subclause, and in subclause 9.4.5.3, refer to the DM channel being used for the call
i.e. channel A or channe B (and the DM-REP sets element "channel usage" to 01, or 10, as appropriate).

When the DM-REP is active in two calls, the procedures apply independently for each call.
When active in circuit mode occupation or during the SCH/F frames for a short data message:

a) if the DM-REP did not receive arandom access message in dot 3 of slave link frame 6 then it shall send a
presence signal, indicating occupation, in slot 3 of master link frame 8;

b) if the DM-REP did not receive arandom access message in dot 3 of dave link frame 12 then it shall send a
presence signal, indicating occupation, in slot 3 of master link frame 14;

¢) if the DM-REP did not receive arandom access message in dot 3 of dave link frame 18 then it shall send a
presence signal, indicating occupation, in dot 3 of master link frame 2;
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d) if the DM-REP did not receive a DSB from the master DM-MSin dot 1 of master link frame 18 or slot 3 of
master link frames 6, 12 or 18 then it may send a presence signal, indicating occupation, in the corresponding
dot on the davelink;

e) if the DM-REP received a DM-OCCUPIED or DM-SDS OCCUPIED message from the master DM-MSin ot 1
of master link frame 18 or dot 3 of master link frames 6, 12 or 18 then, if appropriate, it is not precluded from
sending a presence signal, indicating occupation, in the corresponding dot on the dave link instead of
re-transmitting the master DM-MS's message (e.g. if it needsto update the validity time for DM-MSs on the
channdl).

NOTE 2: DM-REP designers should note that areceiving ave DM-MS switches out of traffic modeif atime
DT221 elapses without receipt of a DM-OCCUPIED message for the call (see subclause 8.6). Therefore
frequent use of procedure €) isnot recommended.

The DM-REP may send the DM-REP presence signal during occupation in those timeslots not used within the call.
Also the DM-REP, after receiving a call set-up DSB from amaster DM-MS, may send the presence signd, indicating
occupation, until it startsto re-transmit the master DM-MS's set-up message on the slave link.

9.45.3 DM channel in reservation

When active in channel reservation:

a) if the DM-REP did not receive arandom access message in dot 3 of slave link frame 6 then it shall send a
presence signal, indicating reservation, in dot 3 of master link frame 8;

b) if the DM-REP did not receive arandom access message in dot 3 of slave link frame 12 then it shall send a
presence signal, indicating reservation, in sot 3 of master link frame 14;

¢) if the DM-REP did not receive arandom access message in dot 3 of slave link frame 18 then it shall send a
presence signal, indicating reservation, in dot 3 of master link frame 2;

d) if the DM-REP did not receive a DSB from the master DM-MSin dot 1 or 3 of master link frames 6, 12 or 18
then it may send a presence signal, indicating reservation, in the corresponding slot on the slave link;

e) if the DM-REP received a DM-RESERVED message from the master DM-MSin dot 1 or 3 of master link
frames 6, 12 or 18 then, if appropriate, it isnot precluded from sending a presence signal, indicating reservation,
in the corresponding slot on the slave link instead of re-transmitting the master DM-MSs message (e.g. if it
needs to update the validity time for DM-MSs on the channdl).

The DM-REP may send the DM-REP presence signal during channel reservation in those timed ots not used within the
call.

946 DM-REP linearization

EN 300 396-4 [4], subclause 9.4.6 shall apply except that, when active during occupation or reservation, the DM-REP is
not permitted to linearize in timedot 3 of frame 3 of the dlave link.

NOTE 1: Thus, when active during circuit mode occupation or reservation, the DM-REP may linearize only in
timeslot 3 of frame 3 of the master link - or, equivalently, in timeslot 3 of slave link frame 2. When active
during short data occupation, the DM-REP may linearize only in timeslot 3 of frame 3 of the master link
(if timedot 1isan SCH/F dot or, for DM-SDS DATA, if timeslot 1 of the previous frame was an SCH/F
dot).

NOTE 2: When the DM-REP isactivein two calls, it may use either DM channel for linearization.
NOTE 3: The DM-REP linearizes on the downlink RF carrier f,.
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9.5 DM-REP procedures for re-transmission of signalling
messages

The proceduresin this subclause define the re-transmission functions for atype 2 DM-REP. The DM-REP receives
signalling messages and traffic sent by the master DM-MS, on each master link, and re-transmits that information on
the corresponding slave link to the dave DM-MSs. It may also receive signalling messages from dave DM-MSs, on
each dave link, in which caseit re-transmits those messages on the corresponding master link to the master DM-MS.

NOTE 1: There-transmission procedures apply to reception on the appropriate uplink RF carrier f; and
re-transmission on the downlink RF carrier f.,.

NOTE 2: There-transmission proceduresrefer to the DM channel being used for the call i.e. channel A or

channd B. When the DM-REP is active in two calls, the re-transmission procedures apply independently
for each call.

9.5.1 Re-transmission of signalling messages received from the master

DM-MS
9.5.1.1 Re-transmission of master DM-MS signalling messages received in a DSB
95111 General procedures

EN 300 396-4 [4], subclause 9.5.1.1.1 shall apply except that the DM-TIMING ACK message is not used for operation
with atype 2 DM-REP.

9.5.1.1.2 Re-transmission of DM-SETUP or DM-SETUP PRES message
EN 300 396-4 [4], subclause 9.5.1.1.2 shall apply with the following differences:

i) When re-transmitting a DM-SETUP message, the DM-REP shall tranamit in dot 1 and slot 3 of each of the
transmission frames (except that, if the DM-REP received the master DM-MS's message only in dot 4 of the
framewith F = O, then it need not transmit in theimmediately following dot 1 on the dave link).

For a DM-SETUP message sent when the carrier was free, the DM-REP shall also transmit the messagein slot 2
and dot 4 of each of the transmission frames (unless the other DM channd ceases to be free). For DM-SETUP

messages sent at other times, the DM-REP may transmit in slot 2 and dot 4 if the other DM channél is currently
free

i) When re-transmitting a DM-SETUP PRES message, the same slot usage shall apply as for DM-SETUP except
that dot 4 of the final transmission frame shall not be used.

NOTE: The optional procedure described in note 2 of EN 300 396-4 [4], subclause 9.5.1.1.2 for atype 1B
DM-REP may be used also by atype 2 DM-REP if it receives the master DM-MS's message with "frame
countdown" element F greater than O or in dot 1 or 2 of the frame with F=0.

9.5.1.1.3 Re-transmission of DM-SDS DATA or DM-SDS UDATA message
EN 300 396-4 [4], subclause 9.5.1.1.3 shall apply with the following differences:

i) When re-transmitting a DM-SDS UDATA DSB, the DM-REP shall transmit in slot 1 and slot 3 of each of the
transmission frames (except that, if the DM-REP received the master DM-MSsDSB only in dot 4 of the frame
with F =0, then it need not tranamit in the immediately following dot 1 on the dave link).

For aDM-SDS UDATA DSB sent when the carrier was free, the DM-REP shall also transmit the DSB in dot 2
and dot 4 of each of the transmission frames (unless the other DM channd ceases to be free). For DM-SDS
UDATA DSBs sent at other times, the DM-REP may transmit in slot 2 and slot 4 if the other DM channel is
currently free.

i) When re-transmitting a DM-SDS DATA DSB, the same dot usage shall apply asfor DM-SDS UDATA except
that, for anon-fragmented message, dot 4 of the fina transmission frame shall not be used.
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iii) The "corresponding slot 1 on the dave link" lags four dots behind dot 1 of the master link (instead of lagging
three dots behind).

NOTE: The optional procedure described in note 2 of EN 300 396-4 [4], subclause 9.5.1.1.3 for atype 1B
DM-REP may be used also by atype 2 DM-REP if it receives the master DM-MS's DSB with "frame
countdown" element F greater than O or in dot 1 or 2 of the frame with F=0.

95114 Re-transmission of other messages in a DSB when not using multi-slot
regeneration

EN 300 396-4 [4], subclause 9.5.1.1.4 shall apply.

If, in adot 3, the DM-REP has a random access message to send on the master link and a'so a DM-RESERVED
message to send on the dave link then the random access message takes precedence.

NOTE: The"corresponding dot on the dave link" lags four dots behind the master link.
9.5.1.15 Re-transmission of other messages in a DSB during traffic transmission with
multi-slot regeneration

EN 300 396-4 [4], subclause 9.5.1.1.5 shall apply except that, in note 2, the delay of N - 1 traffic framesisin addition to
the four-dot delay of the dave link relative to the master link.

9.5.1.2 Re-transmission of master DM-MS signalling messages received in a DNB

Refer to subclause 9.6 for the DM-REP procedures for the re-tranamission of the master DM-MS's circuit mode traffic.

9.5.1.2.1 Call transaction without multi-slot regeneration
EN 300 396-4 [4], subclause 9.5.1.2.1 shall apply.

NOTE: The"corresponding dot 1 on the slave link" lags four dots behind the master link.

9.5.1.2.2 Call transaction with multi-slot regeneration

EN 300 396-4 [4], subclause 9.5.1.2.2 shall apply except that, in note 1 and note 2, the delay of N - 1 traffic framesisin
addition to the four-dot delay of the dave link relative to the master link.

9.5.1.3 Regeneration of additional repetitions on the slave link
EN 300 396-4 [4], subclause 9.5.1.3 shall apply with the following differences:
i) TheDM-TIMING ACK messageisnot used for operation with atype 2 DM-REP.

ii) Note 2 isnot appropriate.

9.5.2 Re-transmission of signalling messages received from a slave
DM-MS

9.5.2.1 General procedures

EN 300 396-4 [4], subclause 9.5.2.1 shall apply except that the DM-TIMING REQUEST message isnot used for
operation with atype 2 DM-REP.

9.5.2.2 Re-transmission of response messages from a slave DM-MS
EN 300 396-4 [4], subclause 9.5.2.2 shall apply.
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9.5.2.3 Re-transmission of random access request

If the DM-REP isactivein acall and it receives arandom access request (i.e. DM-TX REQUEST or DM-PREEMPT)
inasdot 3 on the davelink, containing "communication type" element 01, and its own 10-bit repeater address, then the
DM-REP should repeat the request on the corresponding master link except in the cases described below. It shall
tranamit therequest once, in the appropriate dot 3 on the master link, setting the "master/dave link flag" to 1 and the
"frame number" e ement to the master link frame number. The frame for transmission of the request on the master link

shall be as defined in table 1.

Table 1: Frame for DM-REP re-transmission of random access message on master link

Reception frame Transmission frame
on slave link on master link
1 4
3 5
4 7
6 8
7 9
8 10
9 11
10 13
12 14
13 15
14 16
15 17
16 1
18 2

In most cases, thisresultsin a delay of 4 dotsrdative to direct MS-M S operation. However, thisdelay isincreased to
8 dotsfor arequest received in dave link frame 1, 4, 10 or 16 in order to avoid the frames in which the master DM-MS

may be linearizing or sending reservation messages.

NOTE: Re-transmission of arequest in slot 3 of magter link frame 7, 13 or 1 takes precedence over
re-transmission of areservation message in dot 3 of dave link frame 6, 12 or 18.

The DM-REP shall refrain from repeating arequest on the master link in the following cases:

a) if it hasaready received a DM-PRE ACCEPT, DM-TX ACCEPT or DM-RELEASE message from the current
master DM-MS; or

b) if it chooses to perform addressing checks on the request and finds that the request is not addressed to the current
master DM-MS; or

¢) if the current master DM-MSis sending set-up signalling for anew call transaction.
9.5.3 DM-REP signalling mechanisms

9.5.3.1 Frame countdown procedure

EN 300 396-4 [4], subclause 9.5.3.1 shall apply.

953.2 Fill bit addition and deletion

The procedures defined for aDM-MSin ETS 300 396-3 [3], subclauses 8.5.5.1 and 8.5.5.2 shall apply also for a
DM-REP.

9.5.3.3 Null PDU
The procedures defined for aDM-MSin ETS 300 396-3 [ 3], subclause 8.5.5.3 shall apply also for a DM-REP.
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9.5.34 Air interface encryption
EN 300 396-4 [4], subclause 9.5.3.4 shall apply.

9.5.3.5 Timing change procedure

Timing change procedures are not used for operation with atype 2 DM-REP.

9.5.3.6 Random access procedures for DM-REP

EN 300 396-4 [4], subclause 9.5.3.6 shall apply except that the DM-TIMING ACK message is not used for operation
with atype 2 DM-REP.

NOTE: Asdefined in subclause 9.4.4, the DM-REP additionally monitors slot 3 for a DSB carrying arandom
access request during the final frame of its re-transmissions of the DM-SETUP, DM-CONNECT ACK,
DM-SDS UDATA or DM-SDS DATA DSB on the davelink, if that frameisdavelink frame 3, 6, 9, 12,
150r 18.

9.6 DM-REP procedures in traffic mode
EN 300 396-4 [4], subclause 9.6 shall apply with the following differences:

i) Insubclause 9.6.1, timing adjustment information should not be received in DM-TX CEASED and DM-PRE
ACCEPT messages.

ii) Insubclause 9.6.2.1.2, therecommendeation that, after a set-up failure or call release, the DM-REP sendsthe
free-channel presence signal in the next occurring dave link frame 6, 12 or 18, using the timing of the rel eased
call, applies only to the DM channel containing the released call.

iii) In subclause 9.6.2.2, the requirement to enter idle mode after re-tranamitting DM-RELEASE messages or on
expiry of timer DT250 applies only to the call that hasfailed.

iv) In subclauses 9.6.3.2.1 and 9.6.3.2.2, the "corresponding slot 1 on the slave link" lags four dots behind slot 1 of
the master link (instead of lagging three dlots behind).

V) Insubclause 9.6.3.2.2, note 1 and note 2, the delay of N - 1 traffic framesisin addition to the four-dot delay of
the dave link rdative to the master link.

NOTE: The DM-REP procedures in traffic mode refer to the DM channel being used for the call i.e. channd A or
channd B. When the DM-REP is active in two circuit mode calls, the procedures apply independently for
each call.

10 PDU descriptions

EN 300 396-4 [4], clause 10 shall apply with the following differences for operation with atype 2 DM-REP:

i) Element "A/B channel usage’ in the DMAC-SYNC PDU shall be set to 01, when sent on channd A in atype 2
call or to 10, when sent on channel B.

NOTE 1: Asdefined in EN 300 396-4 [4], the DM-MAC sets the "communication type" element to 01, and sets the

"master/dave link flag" appropriately in the DMAC-SYNC PDU. It also includesthe 10-bit "repeater
address’ dement within the SCH/H block.

NOTE 2: If aDM-MSmakes atype 1B call through atype 2 DM-REP then, as usual for atype 1B call, the
DM-MS sets element "A/B channel usage" to 00,. Then, for the duration of the call, the DM-MSs and the

DM-REP use the procedures defined in EN 300 396-4 [4] - obeying the procedures for operation with a
type 1B DM-REP (except that the DM-REP should continue to set the "repeater operating modes’
element to 10, when it sends the presence signal).
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- element "repeater operating modes' shall be set to 01, or 10, as appropriate;

- dement "channd usage' shall be st to:

= 00, when sent on afree carrier; or

* 00, when sent during atype 1B call through the DM-REP; or

= 01, or 10, when sent during atype 2 call through the DM-REP.

NOTE 3: When a DM-MSreceives a DPRES-SYNC PDU giving it permission to initiate transactions through a
type 2 DM-REP for the indicated validity time, that permission applies to both channd A and channd B
irrespective of the setting of element "channedl usage" in the DPRES-SYNC PDU.

iii) Messages DM-TIMING REQUEST and DM-TIMING ACK are not used.

iv) Element "two-frequency call flag" in messages DM-SETUP, DM-SETUP PRES, DM-CONNECT ACK and
DM-OCCUPIED shall be set to 1.

v) When anon-dual-watching DM-MS makes a call when one DM channd isin use, it may set the "dual watch
synchronization flag" to 1 if the "dual watch synchronization flag" for the call on the busy DM channd is set

to 1.

vi) The definition of the"LCH in frame 3 flag" shall be modified as shown in table 2.

NOTE 4: For operation with atype 2 DM-REP, the"LCH in frame 3 flag" indicates whether timedot 3 of slave
link frame 2 is available for MSsto carry out linearization. (The element name"LCH in frame 3 flag" is
retained for compatibility with ETS 300 396-3 [3] and EN 300 396-4 [4]).

Table 2: LCH in frame 3 flag

Information element Length Value Remark
LCH in frame 3 flag 1 0 TN3 of slave link FN2 not available for LCH
1 TN3 of slave link FN2 available for LCH

vii) The definition of the "reguests bitmap" element shall be modified as shown in table 3.

NOTE 5: The "requests bitmap" element isan 8-bit bitmap used to indicate the slave link frames in which random

access requests are allowed (in addition to the pre-emption frames 3, 6, 9, 12, 15 and 18).

Table 3: Requests bitmap element

Information element Length Value Remark
Slot 3 of slave link frame 1 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 4 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 7 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 8 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 10 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 13 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 14 1 0 Random access requests not allowed
1 Random access requests allowed
Slot 3 of slave link frame 16 1 0 Random access requests not allowed
1 Random access requests allowed
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11 Radio aspects of DM-MS for operation with a type 2
DM-REP

11.1 Introduction

This clause details the radio aspects of DM-MS operation with atype 2 DM-REP.

11.2 Modulation
ETS 300 396-2[2], clause 5 shall apply.

11.3 Radio transmission and reception

11.3.1 Introduction
ETS 300 396-2 [2], subclause 6.1 shall apply.

11.3.2 Frequency bands and channel arrangement

DM-MSs may only transmit and receive in those channe s allocated for TETRA DMO. For operation with atype 2
DM-REP, transmissions by the DM-MS are sent on the appropriate "uplink” RF carrier f; while transmissions from the

DM-REP are received on the associated (duplex-spaced) "downlink” RF carrier f,.

Dual Watch Mobile Stations (DW-MSs) and Dua Mode Mobile Stations (DU-MSs) shall aso be able to transmit and
receive within TETRA Voice plus Data (V+D) channds.

The TETRA DM RF carrier separation (i.e. channel spacing) shall be 25 kHz.

11.3.3 Reference test planes
ETS 300 396-2 [2], subclause 6.3 shall apply.

11.3.4 Transmitter characteristics
ETS 300 396-2 [2], subclause 6.4 shall apply.

11.3.5 Receiver characteristics
ETS 300 396-2 [2], subclause 6.5 shall apply.

11.3.6 Transmitter/receiver performance
ETS 300 396-2 [2], subclause 6.6 shall apply.

11.4 Radio sub-system synchronization

11.4.1 Introduction
ETS 300 396-2[2], subclause 7.1 shall apply.
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11.4.2 Definitions and general requirements for synchronization of DM-MSs

In communication through atype 2 DM-REP, the DM-REP provides the frequency synchronization reference viathe
downlink transmissions. All DM-MSs, including the "master" DM-MSs for both channd A and channd B, synchronize
in frequency to the DM-REP transmissions on the downlink RF carrier f,.

A DM-MSwhich initiatesa call asachannel A master on a completely free carrier defines theinitia frequency and
timing synchronization. If the DM-REP has been sending signalling on the selected downlink RF carrier f,, the master

DM-MS should take itsinitial frequency synchronization from this signalling. Otherwise it shall useits own internal
free-running reference to generate the carrier as specified in ETS 300 396-2 [2], subclause 7.2.

NOTE 1: Even when the channel A master DM-M S has chosen to synchronize in frequency to the DM-REP prior
to sending the call set-up messages, it need not adopt the dot timing or slot and frame numbering defined
by the signalling messages from the DM-REP.

At the beginning of a call on acompletely free carrier, the channel A master DM-M S shall transmit its call set-up
messages in DSBs. The master DM-MS shall then synchronize in frequency to the DM-REP using the DSBs
transmitted by the DM-REP on the downlink RF carrier f,. It shall maintain this frequency synchronization using the

DSBs tranamitted periodically by the DM-REP on the downlink. When synchronizing to the DM-REP, the master
DM-MS should meet the requirements for the frequency synchronization of a dave DM-MS as specified in
ETS 300 396-2 [2], subclause 7.5.

When the channd A master DM-MS perceives that its uplink transmissions are not adequately synchronized in
frequency to the DM-REP's downlink transmissions, it should perform the necessary correction before its next
tranamitted burst.

NOTE 2: Thus, when the DM-MS perceives that its uplink transmissions are not adequately synchronized in
frequency to the DM-REP's downlink transmissions, it performs the compl ete correction immediately (to
within the accuracy specified in ETS 300 396-2 [2], subclause 7.5).

Thisincludes the case when the DM-MS used its own internal reference to generate the carrier when
sending the call set-up DSBs. For example, if the DM-MSismaking a call set-up without presence check
or sending afragmented short data message, and it receivesits call set-up DSB repeated on the dave link
by the DM-REP, then it corrects its frequency synchronization before starting to send the DNBs; or, if it
ismaking a call set-up with presence check, it corrects its frequency synchronization before sending the
DM-CONNECT ACK messages.

The DSBs transmitted by the DM-REP at the sart of a call and at intervals during the call shall be used by the dave
DM-MSs and the channel B master DM-M S to synchronize themsel ves in terms of frequency and time, and to maintain
synchronization. The DM-MS shall align its burst transmission on the uplink in time to the timeslots received on the
downlink from the DM-REP, as specified in subclause 11.4.5. It shall also generate the uplink RF carrier f; usinga

frequency reference which has been synchronized to the carrier frequency received on the downlink from the DM-REP,
as specified in subclause 11.4.5.

The timebase of a DM-MS shdl continuoudly count quarter symbols, symbols, timed ots and frames, independently of
whether the DM-MS is tranamitting or not (see subclause 11.4.3). A dave DM-MS or achannd B master DM-MSis
said to be fully time synchronized if dl of its timebase counters run synchronously, within a specified tolerance to those
of the DM-REP.

NOTE 3: The channel A master DM-MS does not re-align its transmission timing when it receives DSBs from the
DM-REP (since the DM-REP follows the d ot timing used by the channd A master DM-MYS).

The timing information contained in the SCH/S transmitted by the DM-REP in the DSB shall refer to the lot and frame
number at which the DSB istransmitted. Upon reception of an SCH/S, the slave DM-MS shall usethistiming
information to set its slot and frame counters.

A slave DM-MS which becomes the new master DM-M S after a changeover or pre-emption has been carried out
successfully shall adopt the state of the timing counters used by the previous master DM-MS. The transition point at
which changeover occurs shall be at atimeslot boundary.

The DM-MS taking over the master role shall continue to maintain its frequency synchronization to the DM-REP via
the DSBs received on the downlink RF carrier f,.
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11.4.3 Timebase counters
ETS 300 396-2 [2], subclause 7.3 shall apply.

11.4.4 Requirements for the frequency reference source of DM mobiles
ETS 300 396-2[2], subclause 7.4 shall apply.

11.4.5 Requirements for the synchronization of a slave DM mobile

ETS 300 396-2[2], subclause 7.5 shall apply except that references to the master DM-MS shdll be replaced by
references to the type 2 DM-REP.

NOTE: Trangmissions by DM-MSs are sent on the "uplink”" RF carrier f;.

11.4.6  Synchronization requirements for a master MS operating on
channel B

At the start of anew call on afree channd B, the channe B master DM-MS shall take itsinitial timing and frequency
synchronization from the current channel A downlink transmissions. It shall set the slot and frame numbering as
specified in subclause 8.4.1.3.

NOTE 1: Following initial synchronization the channel B master DM-MS s no longer required to monitor
channdl A.

After apre-emption or changeover, thenew channel B master DM-MS shall takeits timing and frequency
synchronization from the current channel B downlink transmissions.

While the DM-MSisthe channel B master, ETS 300 396-2 [2], subclause 7.6 shall apply except that the DM-MS
monitors the channd B transmissions sent on the DM-REP downlink in order to maintain the necessary timing
synchronization. The DM-MS shall also use the channel B transmissions sent on the DM-REP downlink to maintain
frequency synchronization.

NOTE 2: When the channdl B master DM-MS perceives that its uplink transmissions are no longer adequately
synchronized in frequency to the DM-REP's downlink transmissions, it should perform the necessary
correction before its next transmitted burst.

When synchronizing to the DM-REP, the channel B master DM-MS should meet the requirements for the
synchronization of a dave DM-MS as specified in ETS 300 396-2 [2], subclause 7.5.

11.5 Channel coding and scrambling

ETS 300 396-2[2], clause 8 shall apply.

11.6  Channel multiplexing for DM operation through a type 2
DM-REP

ETS 300 396-2 [2], clause 9 shall apply with the following differences:

i) Insubclause 9.3.1, all DM-MSsin acall shall trangmit on the "uplink" RF carrier f; and receive on the
"downlink" RF carrier f,.

i) Insubclause 9.4.1, a DM physical channel is defined asa pair of duplex-spaced RF carriers (f; as the "uplink”
with f,, asthe associated "downlink™) and two timesd ots per frame on each of the RF carriers.
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iii) The following addition shall also apply to clause 9:

- The dtart of the multiframe and frame on the dave link shal occur 4 timedot durations after the start of the
corresponding multiframe and frame on the master link.

11.7 Radio sub-system link control

ETS 300 396-2 [2], clause 10 shall apply with the following difference:

- Adaptive DM-MS RF power control shall be optional for operation through atype 2 DM-REP for both master
and dave DM-MSs. The power reduction mechanism is outside the scope of the present document.

12 Radio aspects of a type 2 DM-REP

12.1 Introduction

This clause details the radio aspects of the type 2 DM-REP.

12.2 Modulation
ETS 300 396-2[2], clause 5 shall apply.

12.3 Radio transmission and reception

12.3.1 Introduction
ETS 300 396-2 [2], subclause 6.1 shall apply.

12.3.2 Frequency bands and channel arrangement

DM-REP equipment may only transmit and receive in those channdl s allocated for TETRA DM use. For atype 2
DM-REP, transmissions by the DM-MSs are received on the appropriate "uplink” RF carrier f; while transmissions

from the DM-REP are sent on the associated (duplex-spaced) "downlink” RF carrier f,.

The TETRA DM RF carrier separation (i.e. channel spacing) shall be 25 kHz.

12.3.3 Reference test planes
ETS 300 396-2 [2], subclause 6.3 shall apply.

12.3.4 Transmitter characteristics

12.34.1 Output power
ETS 300 396-2 [2], subclause 6.4.1 shall apply.

12.3.4.2 Power classes

The DM-REP nominal power shall be, according to its class, as defined in table 4.
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Table 4: Nominal power of DM-REP transmitters

Power class Nominal power
1 (30 W) 45 dBm
2 (10 W) 40 dBm
3(3W) 35 dBm
4(1W) 30 dBm
5 not defined for DM-REP
12.3.4.3 Unwanted conducted emissions

12.3.4.3.1 Definitions
ETS 300 396-2 [2], subclause 6.4.3.1 shall apply.

12.3.4.3.2 Unwanted emissions close to the carrier

ETS 300 396-2 [2], subclause 6.4.3.2 shall apply.

12.3.4.3.3 Unwanted emissions far from the carrier

These unwanted emissions are emissions (discrete, wideband noise, modulated or un-modulated) occurring at offsets
equal to, or greater than, 100 kHz from the carrier frequency, measured in the frequency range 9 kHz to 4 GHz.

12.3.4.3.3.1 Discrete spurious
ETS 300 396-2 [2], subclause 6.4.3.3.1 shall apply.

12.3.4.3.3.2 Wideband noise
ETS 300 396-2 [2], subclause 6.4.3.3.2 shall apply.

The wideband noise limitsfor a DM-REP with nominal power level = 30 W (class 1) shall be as for a DM-REP with
nominal power level = 10 W (class 2).

12.3.4.34 Unwanted emissions during the Linearization CHannel (LCH)

ETS 300 396-2 [2], subclause 6.4.3.4 shall apply.

12.3.4.3.5 Unwanted emissions in the non-transmit state

ETS 300 396-2 [2], subclause 6.4.3.5 shall apply.

12.3.4.4 Unwanted radiated emissions
ETS 300 396-2 [2], subclause 6.4.4 shall apply.

12.3.4.5 Radio frequency tolerance

Theradio frequency tolerance for DM-REPs isdefined in subclause 12.4.4.

12.3.4.6 RF output power time mask
ETS 300 396-2 [2], subclause 6.4.6 shall apply.

12.3.4.7 Transmitter intermodulation attenuation
ETS 300 396-2 [2], subclause 6.4.7 shall apply.
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12.3.5 Receiver characteristics
ETS 300 396-2 [2], subclause 6.5 shall apply.

12.3.6 Transmitter/receiver performance
ETS300396-2 [2], subclause 6.6 shall apply.

12.4  Radio sub-system synchronization

12.4.1 Introduction
ETS 300 396-2 [2], subclause 7.1 shall apply.

12.4.2 Definitions and general requirements for synchronization

The DM-REP shall synchronizeitsdlf in terms of timeto theinitial call set-up transmissions from achannd A master
DM-MS,; received on a completely free uplink RF carrier. Moreover, the DM-REP shall use the timing information
contained in the SCH/S transmitted by the master DM-MS to set its ot and frame counters.

The DM-REP shall in itsturn transmit DSBs on the dlave link to enable timing synchronization of the dave DM-MSs
and the channd B master DM-MS. Thetiming information contained in the SCH/S transmitted by the DM-REP shall
refer to the slot and frame number at which the DSB is transmitted.

NOTE 1: The frame numbering is different on the master and dave links and the DM-REP therefore uses the frame
numbering system of the dave link when transmitting its DSBs on that link.

The DM-REP, when signalling on the downlink RF carrier f,, shall generate the carrier using its own internal frequency
reference.

NOTE 2: Thisincludesthe DM-REP'stransmissions of the initial call set-up messages from the channd A master
DM-MS, even when the master DM-M S used its own frequency reference to generate the uplink RF
carrier f. The master DM-MS then synchronizesin frequency to the DM-REP using the DSBs

transmitted by the DM-REP on the downlink RF carrier f,. See also subclause 11.4.2.

The timebase of a DM-REP shall continuously count quarter symbaols, symbals, timeslots and frames, in accordance
with ETS 300 396-2 [2], subclause 7.3, independently of whether the DM-REP is transmitting or not.

12.4.3 Timebase counters

ETS 300 396-2 [2], subclause 7.3 shall apply.

12.4.4 Requirements for the frequency reference source of a type 2
DM-REP

ETS 300 396-2 [2], subclause 7.4 shall apply.

NOTE: Under many operational circumstances it may be preferable that the DM-REP uses a frequency reference
source of sufficient accuracy such that the RF carrier frequency is more accurate than £ 1,0 kHz e.g.
+ 500 Hz.

12.4.5 Requirements for the synchronization of a type 2 DM-REP

The DM-REP, when signalling on the downlink RF carrier f,, shall generate the carrier using its own internal frequency
reference.
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The following requirement for timebase accuracy shall be met by the DM-REP for atransmission period of one
multiframe duration following initial synchronization to achannel A master DM-MS. This requirement shall be
achieved at receive signd levels greater than or equal to 3 dB below the reference sengtivity:

- whenever the DM-REP transmits signalling on the downlink RF carrier f, while a channel A call isongoing, its

burst timing shall be accurate to within 1/2 symboal period compared to signalsreceived from the channel A
master DM-MS.

The following requirement for the timebase shall be met by the DM-REP for the time period following one multiframe
duration after initia synchronization until the end of the channdl A call:

- whenever the DM-REP transmits signalling on the downlink RF carrier f, while a channel A call isongoing, its

burst timing shall be accurate to within 1/4 symboal period compared to signalsreceived from the channel A
master DM-MS.

The signalsreceived from the channel A master DM-MS shall be averaged over sufficient time so that errors due to
noise, interference or Doppler spread are minimized.

When acall is ongoing on channel B and channd A isfree, the DM-REP shall provide the timing synchronization for
channel B.

12.5 Channel coding and scrambling

ETS300396-2[2], clause 8 shall apply.

12.6  Channel multiplexing for a type 2 DM-REP
ETS 300 396-2[2], clause 9 shall apply with the following differences:

i) Insubclause 9.3.1, the type 2 DM-REP shall receive on the "uplink” RF carrier f; and trangmit on the
"downlink" RF carrier f,.

i) Insubclause 9.4.1, a DM physical channel is defined asa pair of duplex-spaced RF carriers (f; as the "uplink”
with f, asthe associated "downlink") and two timeslots per frame on each of the RF carriers.

iii) The following addition shall also apply to clause 9:

- The dtart of the multiframe and frame on the slave link shall occur 4 timedlot durations after the start of the
corresponding multiframe and frame on the master link.

12.7 Radio sub-system link control
ETS 300 396-2[2], clause 10 shall apply.

A DM-REP shall aways transmit at its nominal power according to subclauses 12.3.4.1 and 12.3.4.2.

ETSI



62 ETSI EN 300 396-7 V1.2.1 (2000-12)

Annex A (normative):
Timers and constants in DM-MS and DM-REP

EN 300 396-4 [4], annex A shall apply except that message DM-TIMING ACK isnot used.
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