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1 Overview

The PEB 24911 Quad ISDN 2B1Q Echocanceller Digital Front End (Quad IEC DFE-Q)
is the digital part of an optimized ISDN 2B1Q-U-Interface Line card chip set. It features
4 independent digital signal processors providing, in conjunction with the PEB 24902
ISDN Quad Analog Front End, full duplex data transmission at the U reference point
according to ANSI T1.601 (1992), ETSI ETR 080 (1996) and ITU-T G.961 standards.

The PEB 24911/PEB 24902 chip set is based on the PEB 2091 IEC-Q V4.4 single chip
ISDN U-transceiver. The IEC-Q V4.4 is approved by Bellcore.

The PEB 24911 comes in a M-QFP 64 package.
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Quad ISDN 2B1Q U Transceiver PEB 24911
Quad IEC DFE-Q

Enhanced Serial Communications Controller with 8 PEE 24911
Channels
ESCCS8

Version 1.1 CMOS
1.1 Features

* Full duplex data transmission and reception at the
U-reference point compliant to:

— 1 \\\‘\‘1\\
ANSI T1.601-1992, standard /%'m
ETSI ETR 080 (1996), report

ITU-T G.961 recommendation

» 144 kbit/s user bit rate over a two-wire subscriber
loop.

» 2B1Q-block code (2 binary, 1 quaternary).

» 80-kHz symbol rate

» Activation and deactivation procedure.

» Meets transmission requirements for loop #1 through loop #15 of ANSI’s 15 telephone
plant test loops.

* Meets transmission requirements for loop #1 through #8 of ETSI's 8 telephone plant
test loops.

» Adaptive echo cancellation.

» Adaptive equalization.

» Automatic polarity adaption.

» Clock recovery (frame and bit synchronization) in all applications.

* Automatic gain control.

* Low power consumption

» Extended temperature range (- 40...to 85 xC) available

» U-interface propagation delay measurement

» LT-PBX mode allowing D-channel arbitration and synchronization of DECT base
stations

* IOM-2 System Interface

» 4 relay driver pins per port addressable by Monitor command

» 2 status pins per port reporting to the Monitor channel

 Activation procedure with the 15 s limit disabled to cope with regenerators

» JTAG boundary scan path

P-MQFP-100-2

Type Ordering Code Package
PEB 24911 P-MQFP-100-2

Semiconductor Group 8 CONFIDENTIAL 12.97
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1.2 Logic Symbol
Synchronous
Transmission
on the U-Interface
DSYNC
IOM®-2 System 4 8 2 Status Pins
Interface <:i per Channel
Interface fo 7 4
PEB 24911
85%4'%%2AFE =, QUAD IEC DFE-Q —~~—> JTAG Boundary Scan

1 Superframe Strobe 4
per Channel <:i

% 4 Driver Pins
per Channel

RN

TSP RES PBX LT AUTO

Mode Setting ITL06903

Figure 1
Logic Symbol

Semiconductor Group
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1.3 Pin Configuration
O
S288=z85238238e588818
OAO00O000 00000400 rrm
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
N.C. T]49 323 N.C.
D2D 50 313 D1A
D3D 51 30 [3 DOA
CLS2 52 293 CLSO
LT 153 28 [3 ST00
Voo 54 27 [3 STOf
SLOT 55 26 [3 ST10
TSP ]56 PEB 24911 253 Vs
Vss 57 QUAD IEC DFE-Q 24 [3 ST11
PBX []58 23[3 ST20
AUTO 59 223 Wp
RESQ ] 60 213 ST21
CLS3 61 20 [3 CLST
TP 62 19 [3 ST30
TP1 163 18 [3 ST31
TCK O] 64\ 17 [3 SDX
1234567 8 910111213141516
NENENRNENENENEN NN NN ENEN RN
LERLEE2SBTSTBRESE
= o o 9 EEQLL 8'— ITP06904
Figure 2
Pin Configuration, Top View
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Pin Definitions and Functions

The following tables group the pins according to their functions. They include pin name,
pin number, type, a brief description of the function, and cross-references referring to the
sections in which the pin functions are discussed.

Pin No. Symbol |Input () Description
Output (O)
Power Supply Pins
6, 22, 38, 54 | VDD 5V +/-5% supply voltage
9, 25, 41,57 |GND ov
JTAG Boundary Scan
64 TCK I Test Clock
TMS I Test Mode Select, internal pullup resistor
TDI I Test Data Input, internal pullup resistor
TDO O Test Data Output
IOM-2 Interface
14 DIN I Data in. Input of IOM-2 data synchronous to
DCL clock
15 DOUT @) Data out. Output of IOM-2 data synchronous
Open Drain |to DCL clock.
13 FSC I Frame synchronisation clock. The start of the
B1 channel in time slot 0 is marked. FSC =
high for one DCL period indicates a
superframe marker. FSC = high for at least
two DCL periods marks standard frames.
12 DCL I Data clock. Clock range 2048 to 4096 kHz.

Miscellaneous Function Pins

59

AUTO

Selection between auto- and transparent
mode for EOC channel processing. AUTO =1
selects automode on all ports.

Semiconductor Group
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Pin No.

Symbol

Input ()
Output (O)

Description

58

PBX

LT-PBX-mode, mode setting together with LT
pin

29

CLSO

@

Pulse of 12 ms period, high time 125 ps
indicating superframe on port 0

20

CLS1

Pulse of 12 ms period, high time 125 us
indicating superframe on port 1.

52

CLS2

Pulse of 12 ms period, high time 125 us
indicating superframe on port 2.

61

CLS3

Pulse of 12 ms period, high time 125 us
indicating superframe on port 3.

30

DOA

Relay driver pin of line port O,

addressable via Mon8-command within IOM
channel 0/4 at bit position A (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

35

DOB

Relay driver pin of line port 0,

addressable via Mon8-command within IOM
channel 0/4 at bit position B (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

42

DOC

Relay driver pin of line port 0,

addressable via Mon8-command within IOM
channel 0/4 at bit position C (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

a7

DOD

Relay driver pin of line port O,

addressable via Mon8-command within IOM
channel 0/4 at bit position D (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

31

D1A

Relay driver pin of line port 1,

addressable via Mon8-command within IOM
channel 0/4 at bit position A (see Table 14).
Default after Pin-reset is low. C/lI-code reset
does not affect the state.

Semiconductor Group
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Pin No.

Symbol

Input (1)
Output (O)

Description

37

D1B

O

Relay driver pin of line port 1,

addressable via Mon8-command within IOM
channel 0/4 at bit position B (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

43

Di1C

Relay driver pin of line port 1,

addressable via Mon8-command within IOM
channel 0/4 at bit position C (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

48

D1D

Relay driver pin of line port 1,

addressable via Mon8-command within IOM
channel 0/4 at bit position D (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

33

D2A

Relay driver pin of line port 2,

addressable via Mon8-command within IOM
channel 0/4 at bit position A (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

39

D2B

Relay driver pin of line port 2,

addressable via Mon8-command within IOM
channel 0/4 at bit position B (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

44

D2C

Relay driver pin of line port 2,

addressable via Mon8-command within IOM
channel 0/4 at bit position C (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

50

D2D

Relay driver pin of line port 2,

addressable via Mon8-command within IOM
channel 0/4 at bit position D (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

Semiconductor Group
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Pin No.

Symbol

Input (1)
Output (O)

Description

34

D3A

O

Relay driver pin of line port 3,

addressable via Mon8-command within IOM
channel 0/4 at bit position A (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

40

D3B

Relay driver pin of line port 3,

addressable via Mon8-command within IOM
channel 0/4 at bit position B (see Table 14).
Default after Pin-reset is low. C/I-code reset
does not affect the state.

46

D3C

Relay driver pin of line port 3,

addressable via Mon8-command within IOM
channel 0/4 at bit position C (see Table 14).
Default after Pin-reset is low. C/l-code reset
does not affect the state.

51

D3D

Relay driver pin of line port 3,

addressable via Mon8-command within IOM
channel 0/4 at bit position D (see Table 14).
Default after Pin-reset is low. C/l-code reset
does not affect the state.

53

LT

Mode pin, selects LT-Mode or LT-PBX-mode
together with the PBX pin

60

RESQ

Reset of all four line ports, asynchronous
signal, low active

55

SLOT

IOM slot selection. SLOT = 0 selects slots 0 to
3: SLOT =1 selects slots 4 to 7

28

STOO

Status pin O of line port 0, status is passed to
IOM-2 channel 0/4 via Mon8-message at bit
position Sy. (See Table 14)

27

ST01

Status pin 1 of line port 0, status is passed to
IOM-2 channel 0/4 via Mon8-message at bit
position S;. (See Table 14)

26

ST10

Status pin O of line port 1, status is passed to
IOM-2 channel 1/5 via Mon8-message at bit
position Sy. (See Table 14)

Semiconductor Group

14 12.97



SIEMENS

PEB 24911
PEF 24911

Overview

Pin No.

Symbol

Input (1)
Output (O)

Description

24

ST11

Status pin 1 of line port 1, status is passed to
IOM-2 channel 1/5 via Mon8-message at bit
position S;. (See Table 14)

23

ST20

Status pin 0 of line port 2, status is passed to
IOM-2 channel 2/6 via Mon8-message at bit
position Sj. (See Table 14)

21

ST21

Status pin 1 of line port 2, status is passed to
IOM-2 channel 2/6 via Mon8-message at bit
position S,. (See Table 14)

19

ST30

Status pin O of line port 3, status is passed to
IOM-2 channel 3/7 via Mon8-message at bit
position Sy. (See Table 14)

18

ST31

Status pin 1 of line port 3, status is passed to
IOM-2 channel 3/7 via Mon8-message at bit
position S,. (See Table 14)

62

TP

Test pin. Not available to user. Connect to
GND.

63

TP1

Test pin. Not available to user. Connect to
GND.

16

TPD

Test pin. Not available to user. Connect to
GND.

56

TSP

Single pulse test mode. For activation refer to
section 2.10.3.1. When active, alternating
3.2V pulses are issued in 1.5 ms intervals.
Connect to GND when not used.

36

DSYNC

1/O

DECT-Synchronize. Connects two Quad IEC
DFE-Qs when performing synchronized
transmission on 8 ports. Input with internal
pulldown if SLOT = low; Output if SLOT = high

Interface to Analog Front End

4

CL15

Master Clock 15.36 MHz. All operations and
the data exchange on the digital interface are
based on this clock.

Semiconductor Group
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Pin No.

Symbol

Input (1)
Output (O)

Description

11

PDMO

Input of the PEB 24902 Quad AFE second-
order sigma-delta ADC pulse density
modulated bit stream, line port 0

10

PDM1

Input of the PEB 24902 Quad AFE second-
order sigma-delta ADC pulse density
modulated bit stream, line port 1

PDM2

Input of the PEB 24902 Quad AFE second-
order sigma-delta ADC pulse density
modulated bit stream, line port 2

PDM3

Input of the PEB 24902 Quad AFE second-
order sigma-delta ADC pulse density
modulated bit stream, line port 3

SDR

Interface to the PEB24902 Quad AFE
containing level information for the detection
of the awake tone. The four lines are
multiplexed on SDR.

17

SDX

Interface to the PEB24902 Quad AFE for the
transmit and control data. Transmission is
based on clock CL15 (15,36 MBit/sec). For
each line port the following bits are
exchanged:

TDO, TD1, TD2: Transmit data

RANGE: Range select

LOOP: Analogue loop back switch

PDOW: Power down/power up

Synchronisation information

Semiconductor Group
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1.5 System Integration

The PEB 24911 Quad IEC DFE-Q is optimized to work in conjunction with the PEB
24902 ESCCS8 on line modules in the central office, in the LT function of the access
network or in PBX line modules. It supports the 2B1Q line code. A PLL internal to the
PEB 24902 ESCCS8 synchronises the 15.36 MHz master clock onto a PTT reference
clock of either 8 KHz, 512 KHz or 2048 KHz. The Quad IEC DFE-Q receives this clock
from the ESCCS.

The Quad IEC DFE-Q is connected to four time slots of the IOM-2 interface. The
selection is done with the slot pin either to slots 0..3 (SLOT = low) or to slots 4..7 (SLOT
= high).

Figure 3 illustrates the application in a 4 channel line card together with one PEB 24902
ESCCS.

Figure 4 shows an 8 channel application. One PLL generates the synchronised clock for
all 4 devices. Note that the second PEB 24902 ESCCS receives the 15.36 MHz clock in
this application. It's PLL is deactivated. The clock pin (pin 26) of the second ESCCS8 is
tied to GND.

IOM®-2 JTAG Boundary Scan 4 U=Interfaces
ZAN T~
U U
oouT 5885 s R [ FIYBRID |
« SDR
DIN < | HYBRID |
—”| PEB 24911 | 15.36 MHz PEB 24902 THYBRID |
DCL _ ,|IEC QUAD DFE-Q PDMO...3 IEC QUAD AFE
< [ HYBRID |
A A
FSC L‘H}J
15.36 MHz ITS06905
Figure 3

4 Channel LT Application

Semiconductor Group 17 12.97



SIEMENS PEB 24911

PEF 24911
Overview
IOM® =2 8 U-Interfaces
PDMO...3
DOUT <« S [ HYBRID |
DIN »| PEB 24911 SDA PEB 24902 [ HYBRID |
oeL . IEC QUAD DFE-Q SDR IEC QUAD AFE THYBRID |
=z
st " sBgs [t E8gs | Twem)
A\ 3 A\ t{ lj
JTAG H
Boundary < 15:36 WHz
Scan
> Bg25¢ 22835 [ HYBRID |
N a S [ HYBRID |
.| PEB 24911 SDR PEB 24902 THYBRID |
"| IEC QUAD DFE-Q [~ ppyo.3 | IEC QUAD AFE
—— [ HYBRID |
ITS06906
Figure 4
8 Channel LT Application
151 Application and Operational Modes

151.1 LT-Application

An LT-configuration with up to 2 Quad IEC DFE-Qs devices can be built with one PEB
2055 EPIC and two PEB 2075 IDEC. The EPIC controls the C/I-channel, the B-channel
slot assignment and the MONITOR channel handling. The IDEC is a HDLC-controller
for four independent D-channels.

Semiconductor Group 18 12.97
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EPIC® IoM*-2

] . . . LU

PCM—  pEB2055 ! ? QUAD QUAD 0

EC DFE-Q || IEC AFE [

PEB 24911 PEB 24902
IDEC® IDEC® U
PEB 2075 PEB 2075

LU

QUAD QUAD Y

e EC DFE-Q || IEC AFE [

PEB 24911 PEB 24902 |

ITS06907

Figure 5
8 Channel LT-Application (overview)

1.5.1.2 LT-Application in PBX-Systems

The PEB 24911 Quad IEC DFE-Q can be used in PBX-Systems where an extended
loop range is requested. It can replace the PEB 2096 OCTAT-P at the LT side. Atthe TE
side, the PSB 2196 ISAC-PTE then has to be replaced by the PEB 2091 IEC-Q V5.1.
This way, the Upn-Interface is replaced by a U interface providing up to 6 km of possible
loop length using AWG26 lines, or up to 15km with AWG22 cable.

The Quad IEC DFE-Q allows the transfer of D-Channel arbitration information if the PEB
2091 IEC-Q V5.1 is used as NT transceiver.

Semiconductor Group 19 12.97
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AFE+DFE | Kk | QUAD
4x Uy PEB 24902 ADPCM
24911 K= - PEB 7274
SICOFI®-4 ELIC®
4xa/b PEB 2465 [« PEB 20550 ¢ PFS. POC
2048 kbit /s CF| 'COM?‘Z PO
{—————| | Contr. —
™
4xS/T quaTs = =
PEB 2084 |, SWICH ]
CK | ——] —
' [o-Arbiter] —
OCTAT®.p
8XUPN =
PEB 2096 [SACCO-A] [SACCO-B]
uC
\( RF- - MBMC = ﬁ W
DF-Channel
ITS06908
Figure 6

PBX Linecard with different Interfaces

1.5.1.3 LT-Application in 'Wireless PBX’ or 'Radio in the Loop’ Systems (using
e.g. the DECT standard)

Synchronous data transmission on all 8 lines of two Quad IEC DFE-Q/ Quad IEC AFE
sets connected to one IOM-2 interface is provided to allow opmtized use of DECT
timeslots and frequencies in case cordless basestations are connected to the NT side.

The DFE-Q V1.2 also features the ability to measure the actual propagation delay of
individual lines and thus makes it possible to compensate different line lenghts by
external devices.

Semiconductor Group 20 12.97
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In a LT application with DECT synchronization the IOM-2 interface has to be operated at
a DCL frequency of 4.096MHz, even if only one DFE-Q/AFE chip set is used. Besides
the 1I0M-clocks (8KHz FSC, 4096KHz DCL) two supplementary clock signals, the
superframe synchronization signal (SFSC) and a DECT synchronization signal have to
be provided. Both clock signals are synchronous with respect to the IOM-2 clocks.

The 12ms periodic signal SFSC,which can be derived by division (factor: 96) from the
8 kHz FSC clock, is applied to the LT pin. The first negative edge at LT after HW reset
will set the DFE-Q into ,LT-PBX mode with DECT synchronization enabled” (see table 1
for the different operating modes).

Clock
Generation
4096 kHz —p DCL
]
% 512
—» FSC DD —¥ DIN
B kHz DU <€— DOUT o cH7 U
%96 > orcc DCL—»|DCL DFE-Q [SO%) AFE ~ CHO[—{ HYBRD [~—
83,3z FSC —»{ FSC V1.2 < V12  CH5\— wvero FI—
%200 | | pect SFSCTHLT CH4
0,416 Hz Synch SLOT DSYNC CL 15 RESQ RESQ CLOCK Xin Xout CL15
svA 4% ¢ W
FSC 15,36 MHz
DCL FSC RESET
TIMING
$ DD CIRCUIT
Epic/ |0 I !
ELIC |¢— DU vY v v v
DIN DSYNC CL 15 RESQ RESQ CL15
DD P DOUT SDX CH3 AYBRID
pu * > HYBRID U
. DL —»{DCL DFEQ > AFE  CH?2
Dect Synch—p/ - Fsc —p|Fsc V1.2 V12 cya
uP srsc—p{ LT CHO [—{ rverD |-
SFSC—p| SLOT Xin
ot ot
Figure 7

LT Application with Means for DECT Synchronization

The period of the DECT-sync. signal must be a common multiple of the 160ms DECT
superframe and the 12ms U-superframe, e.g. 2.4s. The DECT sync. signal is used to
synchronize several DECT Basestations (refer to figure 20).

The DFE-Q with SLOT pin set to '1’ outputs an internally generated synchronization
signal at pin DSYNC that marks the point of time when the quat, frame and superframe
counters are reset. In a 8 channel application the DSYNC signal is forwarded to the
second DFE/AFE chip set with SLOT pin set to '0’. In this mode the lower IOM-2
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channels 0 to 3 are addressed and the DSYNC pin is automatically configured as input.

Thus it is guaranteed that after activation of all channels the quat, frame and superframe
counters run synchronously resulting in aligned U frames which might be monitored by
aligned CLS signals.

(Please refer to the Application Note ,A Dedicated Chip Set Features
Synchronization of DECT-Basestatations Interfacing the U-Reference Point" for a
more detailed description of the system aspects)
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1.5.2 Setting Operational Modes

Table 1 illustrates the effect of different mode-settings due to signals at the pins LT and
PBX. There is the LT-mode as known from the PEB 2091 IEC-Q. Additionally, in the LT-
PBX mode, the features mentioned in section “LT-Application in PBX-Systems” on
page 19 can be enabled separately.

Table 1
Setting Operational Modes:
PBX* LT Description
0 0 reserved
0 1 LT mode without DECT-synchronization, D-channel
arbitration disabled
reserved
1 LT mode without DECT-synchronization, D-channel
arbitration enabled
0 12ms periodic | LT-PBX-mode with DECT-synchronization,
signal**) D-channel arbitration disabled
1 12ms periodic | LT-PBX-mode with DECT-synchronization,
signal**) D-channel arbitration enabled

*) controls D-channel arbitration, '0’ disabled, '1’enabled
**) first negative edge enables LT-PBX-mode with DECT-synchronization

PBX=low and LT = high selects the LT mode as known in the PEB 2091 IEC-Q. The
CLS pin of each line port issues a clock of 12 ms period which is synchronized to the
corresponding superframe marker. It's high phase is 125 us. This pulse can be used for
test purpose, e.g. to trigger an oszilloscope.

The PBX-pin tied to low disables the D-channel arbitration feature. No reflection of the
C/I-Codes 1000 and 1100 onto EOC-messages will be done.

Please note:

With RESQ=low no CLS signals will be available. Also when a channel is in power down
state no signal will be issued at the respective CLS pin.

PBX=high and LT = high selects the LT mode as described above but with enabled
D-channel arbitration (see chapter 2.5.1 for the D-channel arbitration procedure).
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The first negative edge at LT selects the LT-PBX mode. Itis different in one way from
the LT mode: In the LT-mode, there is a delay between the IOM-slot and SDX which is
not directly related to the used IOM slot. That is, incoming data of one IOM-frame leaves
the Quad IEC DFE-Q at different times, depending on the IOM-slot. In LT-PBX-mode,
the delay between IOM-2 and SDX is tied to the IOM-frame. That is, there is a constant
time referred to the IOM frames until the data leaves the Quad IEC DFE-Q at SDX.
Figure 8 illustrates the difference.

LT Mode:
IOM Frame i IOM Frame i+1 IOM Frame i+2
125ps |
IOM-2 ch0 chi ch2 ch3 ch7 I
SDX | slot0 slot1 slot2 slot3 slot7 ch0 ch1 slots sloté slot7
12.50s
SDX Frame n SDX Frame n+1 SDX Frame n+2
LT-PBX Mode:
IOM Framei IOM Frame i+1 IOM Frame i+2
1258
IOM-2 ch0 chi ch2 ch3 | ch7 + I
SDX | slot0 slot1 slot2 slot3 slot4 slots sloté slot7 I
12.5us _»
SDX Frame n SDX Frame n+1 SDX Frame n+2
Figure 8

Delay IOM-2 <-> SDX in LT Mode and in LT-PBX Mode

In the LT-PBX-mode a periodic 12ms signal applied to the LT pin enables synchronized
transmission of all U-interface signals and triggers the eoc=25h message that calls for
an activation of the S/G-bit on the NT-side. Please refer to the Application note ,A
Dedicated Chip Set Features Synchronization of DECT-Basestatations Interfacing

the U-Reference Point* for a more detailed information on the synchronization
mechanism.

Semiconductor Group 24 12.97



SIEMENS PEB 24911

PEF 24911

Overview

Figure 9 illustrates the LT to FSC timing (see Table 32, “LT to FSC timing,” on page 143
for detailed timing information). Please note that both signals, FSC and LT, have to be
synchronous with respect to the DECT sync signal period of 2.4s (see figure 20).

, 125ps ,
—»
rsc [ | B N |
|
! I Th !
|
|
T -
Loobrs ,
< > [
: :‘ 12ms N

Figure 9
LT to FSC Timing

In any mode with the LT-pin tied to either low or high, no signal edge will ever trigger the
eoc= 25h message and the corresponding Monitor command will have no effect. That is,
synchronization to the DECT sync signal is disabled.
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1.6 Clock Generation

The U-transceiver has to synchronize onto an externally provided PTT-master clock. A
phase locked loop (PLL) is integrated in the ESCCS8 to generate the 15.36 MHz Quad
IEC system clock as shown in figure 3. A synchronized Quad IEC system clock
guarantees that U-interface transmission will be synchronous to the PTT-master clock.
The ESCCS is able to synchronize onto a 8 kHz or a 2048 kHz system clock. Please
refer to the PEB 24902 ESCCS8 Preliminary Data Sheet for further detail on the PLL.

16.1 Maximum Tolerable Input Jitter on IOM-2

Figure 10 shows the maximum tolerable input jitter that is admissable on IOM-2 with
respect to a BER of < 10E-7.

Max. Tolerable IOM-2 Input Jitter for a BER < 10E-7 (meas.)

1
10
0
10
N
-1 N
'~'10 \
I N
X N ~
2 N
5 10 i \“E
3
10
-4
10 0 2 4
10 10 10
Jitterfrequency fi
Figure 10

Max. Tolerable IOM-2 Input Jitter for a BER < 10E-7
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2 Functional Description

2.1 IOM-2 System Interface

The PEB 24911 Quad IEC DFE-Q is equipped with a digital ISDN Oriented Modular
(IOM-2) interface, for communication with upper layer functions, such as PEB 2075
IDEC, PEB 2055 EPIC and PEB 20550 ELIC. EPIC and ELIC represent the first
switching stage towards the exchange system.

The IOM interface is a four-wire serial interface with a data clock (DCL), an 8 kHz frame
synchronization clock (FSC), and one data line per direction: data downstream (DD) and
data upstream (DU).

The basic channel consists of a total of 32 bits, or four octets: B1 + B2 + D (18 bits) plus
14 overhead bits for monitor and control information (activation/deactivation of OSI layer
1 and maintenance functions).

The ISDN user data rate is 144 kbit/s (B1 + B2 + D). Within one FSC period, 32 bit up to
256 bit are transmitted, corresponding to DCL frequencies ranging from 512 kHz up to
to 4096 kHz.

The data is transmitted transparently synchronous and in phase in both directions over
the IOM interface using time division multiplexing within the 125 ps IOM-2 interface
frame. Data is transmitted at half the data clock rate (see figure 11 for the IOM-2 timing).
The data clock (DCL) is a square wave signal with a duty cycle ratio of typically 1:1.
Incoming data is sampled on the falling edge of the DCL-clock. The frequency is variable
and can be set for values ranging from 512 kHz to 4.096 MHz.

Nominal bit rate of data (DD and DU): 256 kbit/s ... 2048 kbit/s
Nominal frequency of DCL.: 512 kHz ... 4096 kHz
Nominal frequency of FSC: 8 kHz
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DCL | | |
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Figure 11

IOM®-2 Interface Timing (for Detail 'a’ refer to Figure 52)

Figure 12 illustrates the multiplexed frame structure of the IOM-2 interface.

- 125 us -
FSC |
oee JIL __ O 1111
pu  |loM®cHo|  CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
oD |loM®cHo|  CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHO
T T T é1 T T T T T T BN T T T T NMONlNTONRN T [5 NCN |N M M
| | | | | | | | | | 121 | | | | | | | | | 11/1 RX |TD04319
Figure 12

IOM-2 Interface

As the PEB 24911 Quad IEC DFE-Q occupies four IOM-slots, the DCL frequency must
be at least 2048 KHz. The SLOT pin assigns either the IOM-slots 0 to 3 to the four
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channels 0 to 3 (SLOT pin low), or it assigns the IOM-slots 4 to 7 to the channels 0 to 3
(SLOT pin high). In order to obtain synchronized transmission of either four slots in two
Quad IEC DFE-Qs the DCL-Clock must be 4096 kHz.

2.1.1 Superframe Marker

It is optional to include superframe markers (lasting for one DCL-period) in every 96th
“frame synchronization” signal. The remaining 95 FSC-clocks must be of at least two
DCL-periods duration. If no superframe marker is to be used, all FSC high-phases need
to be of at least two DCL-periods duration.

The relationship between the IOM-2-superframe marker of the slave, the U-interface,
and the I0M-2-superframe marker of the master is fixed after activation of the U-
interface. l.e. data inserted on LT-side in the first B1-channel after the I0M-2-slave
superframe marker will always appear on the NT-side with a fixed offset, e.g. in the 5th
B1-channel after the master superframe marker. After a new activation this relationship
(offset) may be different.

2.1.2 IOM®-2 Command/Indicate Channel

The Control/Indicate channel (C/I-channel) is used to control the operational status of the
Quad IEC DFE-Q and to issue corresponding indications. C/I-channel codes serve as
the main link between the Quad IEC DFE-Q and external intelligence.

The following sections describe the operation of one single channel of the Quad IEC
DFE-Q. The four channels operate completely independent.

Commands have to be applied continuously on DIN until the command is validated by
the Quad IEC DFE-Q and the desired action has been initiated. Afterwards the command
may be changed.

An indication is issued permanently by the Quad IEC DFE-Q on DOUT until a new
indication needs to be forwarded. Because a number of states issue identical indications
it is not possible to identify every state individually.

The interpretation of C/I-codes depends on the mode selected. Table 2 shows the
abbreviations used for C/I-commands and indications.

Remark:

The LTD (LT-Disable) command, which is available with the IEC-Q single channel
transceiver, is no longer valid with the DFE-Q, since the DISS pin associated with the
LTD command is not available with the DFE-Q. However, if a LTD command is send to
the DFE-Q, it will transition unconditionally to the 'Test’ state. The receiver will not be
reset.
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Table 2
C/I-Abbreviations
Code Description
Al Activation Indication
AR Activation Request
ARO Activation Request with act bit = 0
ARL Activation Request Local Loop
ARM Activation Request Maintenance bits
ARX Activation Request without 15 second limit
DC Deactivation Confirmation
DR Deactivation Request
DEAC Deactivation Accepted
DI Deactivation Indication
DT Data-Through test mode
DU Deactivation Request Upstream
Ell Error Indicationl (error on U)
El2 Error Indication2 (error on S/T)
EI3 Error Indication3 (timeout T1 [15sec] error on U)
FJ Frame Jump
LSL Loss of Signal Level on U
UAI U-Activation Indication
UAR U-Activation Request
RES Reset
RES1 Reset receiver
RSY Loss of Synchronization
PU Power-Up
SSP Send-Single-Pulses test mode
TIM Timing request
Structure

4 bit wide, located at bit positions 27-30 in each time-slot.
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Verification

Double last-look criterion. A new command will be recognized as valid after it has been
detected in two successive IOM-frames.

Codes

Both commands and indications depend on the data direction. Table 3 presents all
defined C/I-codes. A command needs to be applied continuously until the desired action
has been initiated. Indications are strictly state orientated. Refer to the state diagrams in
section 2.9 for commands and indications applicable in various states.

Table 3
Command / Indicate Codes
Code IN ouT
0000 DR -
0001 RES DEAC
0010 — FJ
0100 RES1 RSY
0101 SSP El2
0110 DT INT
0111 UAR UAI
1000 AR AR
1001 ARX ARM
1010 ARL -
1011 - EI3
1100 - Al
1101 ARO LSL
1110 - -
1111 DC DI
Al Activation Indication EI3 Error Indication 3 (timeout T1 [15 g],
AR Activation Request error on U)
ARO  Activation Request with act bit =0 FJ Frame Jump 2)
ARL  Activation Request Local Loop INT Interrupt (set by pin “INT”)
ARM  Activation Request Maintenance bits LSL Loss of Signal Level on U
ARX  Activation Request without 15 sec limit RES  Reset
DC Deactivation Confirmation RES1 Resetreceiver
DR Deactivation Request RSY  Loss of Synchronization
DEAC Deactivation Accepted SSP  Send-Single-Pulses test mode
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DI Deactivation Indication UAI U-Activation Indication
DT Data-Through test mode UAR  U-Activation Request
EI2 Error Indication 2 (error on S/T)

The following example illustrates the use of the C/I-channel in combination with the PEB
2055 EPIC. The device is assumed to be initialized correctly prior to starting the C/I-code
transfer.

PEB 2055 and C/I-Channel Programming:

uP EPIC® -1 1 Port of Quad IEC
_ C/1-Command
MADR - C7 ﬂ ” RESET"
Select Port 0,
MAAR =08 —| Channel 0, C/I-Code
Downstream
MACR = 48 —| Start Transmission C/1=10001b —f Trunsfesrmffo; TEST
ISTA=40 |le— SFI=1 <= New C/I.—Code «— C/I=0001b | Send C/I-Indication
was Received “DEAC’

Read Port and Time-
CIFIFO =88 |e¢— Slot No. where C/I
was Received

Select this Port/

MAAR = 88 __p| Time=Slof for Reading
(port 0, channel 0,
C/l-code)
MACR = C8 —| Read C/I-Code

Return C/I-Code in

MADR =C7 |<¢— MADR-Register

ITD06959

Figure 13
C/l-Channel Use with the EPIC® (all data values hexadecimal)

After the correct initialization of the EPIC, the C/I-code which is to be transmitted to the
Quad IEC DFE-Q is written into the MADR-register (structure: 1 1 C/I C/I C/1 C/1 1 1).
With the MAAR-register the EPIC is informed where to send this C/I-code (transmission
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direction, port number and time-slot number). For a description of this register please
refer to the EPIC-manual, the example above sends the C/I-command to port 0, time-slot
0. MACR = 48y, starts the transmission of the command.

If a change in one of the C/lI-channels was observed, an ISTA-interrupt (bit SFI) is
generated. Because the user does not know in which channel the change occurred, the
location needs to be read from the CIFIFO-register. This address is copied via software
into address register MAAR. After having started the read operation with MACR = C8
the C/I-message can be read from MADR (structure as described earlier).

2.1.3 IOM®-2 Interface Monitor Channel

The monitor channel represents a second method of initiating and reading Quad IEC
DFE-Q specific information. Features of the monitor channel are supplementary to the
command/indicate channel. Unlike the command/indicate channel with an emphasis on
status control, the monitor channel provides access to internal bits (maintenance,
overhead) and test functions (EOC-commands, local loop-backs, block error counter
and self-test).

The key characteristics of the Monitor Channel are as follows:

Modes

Auto-mode and transparent mode are available. These affect MON-0- and MON-8-
messages only and will be described in the sections dealing with these monitor
categories.

Structure

The structure of the monitor channel is 8 bit wide, located at bit position 17—24 in every
time-slot. Monitor messages sent to the Quad IEC DFE-Q are always 2 bytes long,
monitor messages returned by the Quad IEC DFE-Q are 2 or 4 bytes long depending on
the command. 4 byte long return messages (internal register data) are issued via 2
messages containing 2 bytes each.

Transmission of multiple monitor bytes is specified by IOM-2 (see next section
“Handshake Procedure” for details). For handshake control in multiple byte transfers, bit
31, monitor read “MR”, and bit 32, monitor transmit “MX”, of every time-slot are used.

Verification

The monitor message on DIN is considered valid only if it consists of exactly two bytes.
Longer messages or single-byte messages will be discarded.

A double last-look criterion is implemented for both bytes of the monitor message. If the
received bytes are not identical in the first two received frames the message will be
aborted.
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Codes
3 categories of monitor messages are supported by the Quad IEC DFE-Q:

— MON-0(EOC Programming)
— MON-2(Overhead Bits)
— MON-8(Local Functions)

The order of listing corresponds to the priority attributed to each category. MON-0
messages will be transmitted first, MON-8 messages last in case several messages are
initiated simultaneously. The following section describes all codes of supported monitor
messages

The following chapters describe the principle of monitor handshake in IOM-2, internal
safe guards against blocking of the monitor channel, and features (divided into 4
categories).

2.1.3.1 Handshake Procedure

IOM-2 provides a sophisticated handshake procedure for the transfer of monitor
messages. The monitor channel is full duplex and operates on a pseudo-asynchronous
basis, i.e. while data transfer on the bus takes place synchronized to frame
synchronization, the flow of monitor data is controlled by two bits, the MR- and MX-bits,
that are assigned to each IOM-frame (on DIN and DOUT).

The monitor transmit bit (MX) indicates when a new byte has been issued in the monitor
channel (active low). The transmitter postpones transmitting the next information until
the correct reception has been confirmed. A correct reception will be confirmed by
setting the monitor read bit (MR) to low.

Monitor data will be transmitted repeatedly until its reception is acknowledged.

Figure 14 illustrates a monitor transfer at maximum speed. The transmission of a 2-byte
monitor command followed by a 2-byte Quad IEC DFE-Q-response requires a minimum
of 15 IOM-2 frames (reception 7 frames + transmission 8 frames = 1.875 ms). In case
the controller is able to confirm the receipt of first Quad IEC DFE-Q-response byte in the
frame immediately following the MX-transition on DOUT from high to low (i.e. in frame
NO. 9), 1 byte may be saved (7 frames + 7 frames).

Note: Transmission and reception of monitor messages can be performed simultaneously
by the Quad IEC DFE-Q. In the procedure depicted in figure 14 it would be possible
for the Quad IEC DFE-Q to transmitmonitor data in frames 1-5 (excluding EOM-
indication) and receive monitor data from frame 8 onwards.

M 1/2: Monitor message 1. and 2. byte
R 1/2: Monitor response 1. and 2. byte
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oM®=2 Frame No.| 1 | 2 [ 3| 4|56 |7 8] 9o |10]11]|12]13]14]15

Tx 1.Byte Tx 2.Byte

e o L TR T Teom

DIN , (/}ck. 1.Byte | Ack. 2.Byte
MR L | e T |eom
Mon. Data DIN M1| M1 |[M2|M2|FF |FF |FF |FF | FF | FF | FF | FF | FF | FF | FF
1 Tx 1.Byte| Tx 2.Byte
M Y 1| LL% [eom
DOUT 1 Ack. 1.Byte | Ack. 2.Byte
MR Y [ v | [[com
Mon. Data DOUT FF | FF | FF | FF | FF | FF | FF |R1|R1|R1|R2|R2|FF | FF | FF
ITD04230
Figure 14

Handshake Protocol with a 2-Byte Monitor Message/Response

Idle State

After the bits MR and MX have been held inactive (i.e. high) for two or more successive
IOM-frames, the channel is considered idle in this direction.

Standard Transmission Procedure

1. The first byte of monitor data is placed by the external controller (e.g. ICC, EPIC) on
the DIN line of the Quad IEC DFE-Q and MX is activated (low; frame No. 1).

2. The Quad IEC DFE-Q reads the data of the monitor channel and acknowledges by
setting the MR-bit of DOUT active if the transmitted bytes are identical in two
received frames (frame No. 2 because the PEB 24911 reads and compares data
already while the MX-bit is not activated).

3. The second byte of monitor data is placed by the controller on DIN and the MX-bit is
set inactive for one single IOM-frame. This is performed at a time convenient to the
controller.

4. The Quad IEC DFE-Q reads the new data byte in the monitor channel after the rising
edge of MX has been detected. In the frame immediately following the MX-transition
active-to-inactive, the MR-bit of DOUT is set inactive. The MR-transition inactive-to-
active exactly one IOM-frame later is regarded as acknowledgment by the external
controller (frame No. 4-5).The acknowledgment by the Quad IEC DFE-Q will always
be sent two IOM-frames after the activation of a new data byte.
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5. After both monitor data bytes have been transferred to the Quad IEC DFE-Q, the
controller transmits “End Of Message” (EOM) by setting the MX-bit inactive for two or
more IOM-frames (frame No. 5-6).

6. In the frame following the transition of the MX-bit from active to inactive, the Quad IEC
DFE-Q sets the MR-bit inactive (as was the case in step 4). As it detects EOM, it
keeps the MR-bit inactive (frame No. 6). The transmission of the monitor command
by the controller is complete.

7. If the Quad IEC DFE-Q is requested to return an answer it will commence with the
response as soon as possible. In case the “monitor time out” function is enabled it
may have to postpone the answer until after the internal reset (see section Monitor
Procedure Timeout for details). Figure 14 illustrates the case where the response
can be sent immediately.

The procedure for the response is similar to that described in points 1-6 except for
the transmission direction. It is assumed that the controller does not latch monitor
data. For this reason one additional frame will be required for acknowledgment.
Transmission of the 2. monitor byte will be started by the Quad IEC DFE-Q in the
frame immediately following the acknowledgment of the first byte. The PEB 24911
does not delay the monitor transfer.

Transmission Abortion

If no EOM is detected after the first two monitor bytes, or received bytes are not identical
in the first two received frames, transmission will be aborted through receiver by setting
the MR-bit inactive for two or more IOM-2-frames. The controller reacts with EOM. This
situation is illustrated in figure 15.

oM®-2 Frame No.| 1] 2|3 [ 4|56 |7
1 -
MX oL | | [EOM
DIN :
MR 0 -—--
1
MX 0 -—{--
DOUT 1
MR oL 1 T
Abort Request from Receiver
ITD04231

Figure 15
Abortion of Monitor Channel Transmission
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Figure 16 demonstrates it with the PEB 2055 EPIC. A two-byte message is sent from
the control unit to the Quad IEC DFE-Q who acknowledges the receipt by returning a
two-byte long message in the monitor channel.

PEB 2055 and Monitor Channel Programming

The EPIC supports monitor transfers on a high level. Several modes are offered to
support different types of monitor transfer. For communication with the Quad IEC DFE-
Q, three are of special interest.

Transmit Only. This mode is required when the EPIC sends monitor messages but no
confirmation is returned by the Quad IEC DFE-Q (e.g. MONS8 “CCRC").

Transmit and Receive. The EPIC transmits first and receives afterwards. Confirmations
sent by the Quad IEC DFE-Q can be read (e.g. MONO “EOC"-messages).

Searching for Active Monitor Channels. Listens to the IOM-monitor channel and reads
information issued by the Quad IEC DFE-Q autonomously (e.g. MON2-messages).
Nothing is transmitted by the EPIC.

The EPIC uses a FIFO for transmission and reception. The user therefore does not have
to provide routines for the handshake protocol.
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1P EPIC® —1 /2 EC-Q
_ FIFO Empty, Write
STAR=25 N Access Enabled
MFFIFO = 1.Byte —| Load 1.Byte in FIFO
MFFIFO = 2. Byte —| Load 2.Byte in FIFO
FIFO not Empty
STAR =24 - Write Access
Enabled
Transmit to Monitor
_ MFTC1,0=00
MFSAR = 04 =>{Channel of IOMP-2
Channel 0
CMDR=08 .l Tronsmir\zoczceReceive
Trans. of 1. Byte
Send 1. FIFO—Byte —> Read 1.Byte
Wait for Ack. 4& 1. Byte Transmit Ack.
T . of 2. Byt
Send 2. FIFO-Byte | o o O S B Read 2.Byte
Wait for Ack. &Z.Byte Transmit Ack.
Send "EOM" — Transmit EOM Ack.
STAR =32 < Transfer Operating
Write 1.Byte fo FIFO a— Send 1.Byte of
Confirmation
Transmit Ack. —> Wait for Ack.
Write 2.Byte to FIFO |&— Send 2.Byte of
Confirmation
Transmit Ack. —Pp Wait for Ack.
Set Monitor Channel — Send "EOM”
Inactive
ISTA=70 <+— MFFI Transfer Completed
FIFO not Empty
STAR =26 Read Access
Enabled
MFFIFO=1.Byte  |¢— Read 1. Byfe of
Confirmation
STAR =26 FIFO not Empty
MFFIFO = 2. Byte  |¢— Read 2. Byte
STAR =27 — FIFO Empty
CMDR = 01 __y| Enable FIFO Write
B Access
STAR = 25 « FIFO Empty, Write
Access Enable
ITD04215
Figure 16

Monitor Channel Handling with EPIC (all data values hexadecimal)
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The example of figure 16 demonstrates the use of the EPIC in the transmit-and-receive
mode.

Before programming the FIFO, it is verified that the FIFO is empty and write access is
possible. All monitor data is loaded into the FIFO (two bytes), the transmission channel
and mode are selected. Writing “CMDR = 08” starts transmission of the FIFO contents
and enables monitor data reception. Then transmission of the first byte begins. The
Quad IEC DFE-Q reacts to a low level of the MX-bit on DIN by reading and
acknowledging the monitor channel byte automatically. On detection of the confirmation,
the EPIC sends the next byte. After both bytes have been transmitted, the confirmation
from the Quad IEC DFE-Q is read into the FIFO. After completion of the transfer an
interrupt is generated. If the operation was successful, “STAR = 26" will indicate that data
is loaded and the read access is enabled (in addition it is indicated that the PCM-
synchronization status is correct). Following the readout of the confirmation bytes, the
FIFO is cleared and the write access is selected again with the CMDR-register (“CMDR
=01").

The handshake timing for byte transfer is handled by both devices (EPIC and Quad IEC
DFE-Q) automatically.

2.1.3.2 MON-0-Command (EOC Programming)

Monitor commands supported by the PEB 24911 divide into three categories. Each
category derives its name from the first nibble (4 bits) of the two byte long message. All
monitor messages representing similar functions are grouped together. Commands
belonging into the first category, MON-0-commands, are described in more detail in this
chapter. MON-2- and MON-8-commands are discussed in the following sections.

Note:MON-1-commands as known from the PEB 2091 IEC-Q do not apply to LT mode. Therefore,
they are not supported by the Quad IEC DFE-Q.

MON-0-messages are also referred to as EOC-messages (Embedded Operations
Channel) because they are used to write and read the registers containing the
information of the EOC-channel on the U-interface. Via the U-interface EOC-channel it
is possible to exchange service of signaling information between the exchange side and
the terminal side. It is important to note that MON-0-messages provide only access to
the device internal EOC-registers. The insertion and extraction of a message on the U-
frame is handled automatically by the EOC-processor of the device. Usage of MON-0-
monitor messages therefore differs not from other MON-commands.

Nine MON-0-commands are defined and can be interpreted by the PEB 24911. MON-0-
messages are issued with the highest priority, i.e. if a MON-2-, -8-message should be
sent simultaneously with a MON-0 message, it is the EOC-message that will be issued
first.

The structure of a MON-0-message is shown in the table below.
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Table 4
MON-0-Message Structure
1. Byte 2. Byte
0000 AAA | 1 EEEE EEEE
MON-0 Addr. | d/m EOC-Code

The following table describes the commands and messages and gives information about
their use. An example illustrating the use of EOC-commands is given in sections 2.10.1
and 2.10.2.

Table 5
MON-0-Functions (1. Priority)

D U Function

LBBD Close complete loop-back (B1, B2, D). The NT does not close the complete loop-
back immediately after receipt of this code. Instead it issues the C/I-command
AIL (in “Transparent” state and auto-mode) or ARL in the states “Error S/T” and
“Synchronized”. This allows the downstream device to close the loop-back if
desired (e.g. SBCX). If the downstream device does not close the loop a MON-
8 command (LBBD) must be returned and the loop-back is closed within the PEB
24911. In addition the DISS-pin is set to (1) after reception of LBBD. This
provides a possibility to perform remote power supply control.

LB1 Closes B1 loop-back in NT. All B1-channel data will be looped back within the
Quad IEC DFE-Q.

LB2 Closes B2 loop-back in NT. All B2-channel data will be looped back within the
Quad IEC DFE-Q.

NCC Notify of corrupt CRC. Upon receipt of NCC the NT-block error counters (near-
end only) are disabled and error indications are retained. This prevents wrong
error counts while corrupted CRCs are sent (MON-8 CCRC).

RCC Request corrupt CRC. Upon receipt the NT transmits corrupted (= inverted)
CRCs upstream. This allows to test the near end block error counter on the LT-
side. The far end block error counter at the NT-side is stopped and NT-error
indications (MON-1) are retained.

RTN Return to normal. With this command all previously sent EOC-commands will be
released. The EOC-processor is reset to its initial state (FF ).
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Table 5
MON-0-Functions (1. Priority)
D U Function
H H Hold. Provokes no change. It may be used as a preliminary message in

configurations where the acknowledgment is delayed. E.g. in a repeater
configuration the NT-RP could answer with H while the EOC-acknowledgment is
passed upstream. Thereby it can be avoided that the LT-control unit
misinterprets the delayed ACK as a malfunction. The device issues Hold if n O NT
or broadcast address is used or if the d/m indicator is set to (0).

UTC | Unable to comply. Message sent instead of an acknowledgment if an undefined
EOC-command was received by the NT.

ACK | Acknowledge. If a defined and correctly addressed EOC-command was
received by the NT, the NT replies by echoing back the received command.

Auto-Mode/Transparent Mode

The use of the EOC-channel depends upon the operational mode of the Quad IEC
DFE-Q and the EOC-processing mode. The user may choose between auto- and
transparent mode.

It is recommended to use the transparent mode in LT-PBX mode where synchronization
of cordless basestations is performed via the EOC channel.

In auto-mode all received commands will be acknowledged (NT-PBX only). If addressed
correctly (0O0O0Ob = NT or 111b = broadcast) the NT will initiate the requested action
automatically. Only EOC-messages that differ from the previously received message will
be passed on to the IOM-2 interface.

In transparent mode no acknowledge and execution of requested actions is performed.
A monitor message containing the most recently received command will be issued twice
per superframe (every 6 ms) independently of whether the command has changed or
not.

Because in both transparent and auto-mode all received EOC-commands are passed on
to the IOM-2 interface via MON-0 messages, the EOC-channel may be used to transmit
signaling information with user defined commands. Refer to section 2.7 and ANSI for
restrictions on user defined codes.

For a quick reference the key characteristics of the MON-0 commands are summarized
on the following pages.
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Function

The MON-0-commands provide access to device internal EOC-registers. Via MON-0 the
EOC overhead bits of the U-interface are controlled. This access is only possible in
states where the PEB 24911 transmits superframe indications (ISW). This is the case
in the following states:

EC-Converged
EQ-Training

Line Active

Pend. Transparent
Transparent

S/T Deactivated

In other states the EOC-processor clamps all EOC-maintenance bits to high when EOC-
bits are transmitted.

MON-0-commands may be passed at any instant and need to be transferred only once
(applicable for auto- and transparent mode). Code repetition is performed within the chip
by the EOC-processor.

Latching

In NT-automode all detected EOC-commands on U are latched, i.e. they are valid as
long as they are not explicitly disabled with the EOC “RTN” command or a deactivation.

In transparent mode no processing and latching is performed by the chip.

Priority

MON-0-monitor messages have the highest priority of the four MON-categories
available.

Modes

Auto- and transparent modes are available.

Auto-Mode

In auto-mode the “return message” reception is enabled after an EOC-command has
been transmitted downstream. The activation of this function causes the Quad IEC DFE-
Q to watch the EOC-channel of the U-interface and to issue a MON-0-message after an
identical EOC-message has been received during three consecutive frames. Thus in
auto-mode an acknowledgment of the MON-0-command is even possible if the new
message is not different from the previous one.
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If no MON-0-command has been transmitted downstream, a MON-0-message is issued
only after the “triple-last-look” criterion is fulfilled and if this message is different from the
one previously accepted (triple last look). New messages will be passed to IOM-
independently of the address used, i.e. not only messages addressed with (000) or (111)
but all received EOC-messages will be transmitted with MON-0-messages.

Transparent Mode

In transparent mode every 6 ms a MON-0-message containing the last received EOC-
message is issued on the IOM-bus. This occurs even if no change occurred in the EOC-
channel. No 'triple-last-look’ is performed before a MON-0-message is sent.

Codes
Table 6
Format of MON-0O-Commands
1. Byte 2. Byte
0000 AAA|1L EEEE EEEE
MON-0 Addr. | d/m EOC Code
Addr: Address —0=NT

—1... 6 = Repeater
— 7 = Broadcast

d/m: Data/Message -0 =Data
— 1 = Message

E: EOC Code — 00 ... FFy = coded EOC command/indication

The following EOC-commands will be acknowledged and executed automatically in NT
auto-mode if addressed correctly. The acknowledgment will be two bytes long. The first
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byte indicates that a MON-0-acknowledgment is transmitted, the second byte contains
the message.

Table 7
MON-0 EOC-Channel Commands and Indications
MON-0-Functions (1. Priority)

Code D U Function

Hex.
00 H H Hold
50 LBBD Close complete loop
51 LB1 Close loop B1
52 LB2 Close loop B2
53 RCC Request corrupt CRC
54 NCC Notify of corrupt CRC
AA UTC Unable to comply
FF RTN Return to normal
XX ACK Acknowledge

2.1.3.3 MON-2-Commands (Overhead Bits)

MON-2-indications are used to transfer all overhead bits except those representing
EOC- and CRC-bits. Starting with the ACT-bit, the order is identical to the position of the
bits at the U-interface.

The first MON-2-message is issued immediately after reaching “Line Active” state.
Thereby the control system is informed about the initial U-interface status after a
successful activation.

Later MON-2-messages will only be sent if a change of system status has occurred. No
MON-2-messages are issued while CRC-violations are detected (refer to section
2.7.2.2 for verification algorithm). This prevents the system of being overloaded by faulty
monitor indications.

Table 8
MON-2 Command Structure
1. Byte 2. Byte
0010 M41 M51 M61 M42 M52 M62 M43 M44 M45 M46 M47 M48
MON-2 Overhead Bits Overhead Bits
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The meaning of bits M41-M48 depends upon the transmission direction (LT —> NT or NT
—> LT) and the mode.

The overhead bits are grouped by the three control mechanisms responsible for setting
and resetting the bits.

Control via Quad IEC DFE-Q:

— ACT (Activation bit) The ACT-bit is part of the start-up sequence and is used to indicate
layer 2 to be ready for communication. In this case it is set to (1).

— DEA (Deactivation bit) The DEA-bit is used by the network side during deactivation. By
setting DEA to (0), the network informs the NT of its intention to turn-
off.

— CSO (Cold Start Only) The CSO-bit signals the network side whether the NT is only

capable of being started via cold start. If the NT may be activated
with a cold start procedure only, the CSO-bit is set to (1).

— UOA (Partial Activation) The UOA-bit is used by the network side to inform the NT that only
the U-interface shall be activated (S-interface remains deactivated
according to CNET-specification). If the UOA-bit is set to (0), only
the U-interface will be activated.

— SAI (S Activity Indicator) The SAIl-bit informs the LT-side about the state of the S-interface.
With the S-interface deactivated (i.e. C/I-commands TIM or DI
received), the SAI-bit is set to (0). Additionally the SAI-bit is used
(with SAI = (1)) in a terminal initiated activation (when before only U
was activated) to request complete NT-activation.

— FEBE (Far-End Block Error) The FEBE-bit is used to inform the opposite U-interface station that
the transmitted data could not be received free of errors. The device
sets the FEBE-bit to (0) if errors were observed. Each time a FEBE
= (0) is detected, the count of the internal far-end block error counter
will be incremented. Additionally it is possible to control the FEBE-

Control via MON-Commands:

— FEBE (Far-End Block Error) Quad IEC DFE-Q controlled commands. Additionally it is possible to
set the FEBE bit to (0) for one single U-superframe with the MON-8
message “SFB”.

For a quick reference the key characteristics of the MON-2 commands are summarized
on the following pages.
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The MON-2-structure is used to transfer all maintenance bits except EOC- and CRC-
information. These 12 overhead bits are passed in the same order as defined for the
U-interface. The first bit after the address bit corresponds to the “ACT” bit, bit DO from
the second byte is user defined.

Latching

— Transmission on U (data from DIN):— latched
— Reception from U (data on DOUT):— non-latched

Priority

MON-2-monitor messages have the second highest priority of the three MON-categories

available.

Modes

The operation of MON-2-indications is identical in auto- and transparent modes. Via the
MON-8 “PACE” command bit D1, SAI/UOA, can be controlled with a MON-2-command.

In repeater modes all overhead bits are controlled with MON-2-commands.

Codes
Table 9
Format of MON-2-Messages
1. Byte 2. Byte
0010 Dy; Dyg Dg Dg D, Dg D5 D, D3 D, D; Dy
MON-2 Overhead Bits Overhead Bits

DO ... 11: Overhead bits
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These bit positions in the MON-2-message correspond to the following overhead bits:

Table 10
MON-2 and Overhead Bits

Position NT —> LT LT —> NT Repeater (LT / NT)

MON-2/U Bit Control Bit Control Bit Control

D11/M41 ACT DFE-Q ACT IEC-Q ACT MON-2

D10/M51 1 MON-2 1 MON-2 1 MON-2

D9/M61 1 MON-2 1 MON-2 1 MON-2

D8/M42 PS1 Pin 21 (NT) DEA IEC-Q PS1/ MON-2

DEA

D7/M52 1 MON-2 1 MON-2 1 MON-2

D6/M62 FEBE DFE-Q FEBE IEC-Q FEBE MON-2

D5/M43 PS2 Pin 22 (NT) 1 MON-2 PS2/1 MON-2

D4/M44 NTM MON-1 (NT) 1 MON-2 NTM/1 MON-2

D3/M45 CSO DFE-Q 1 MON-2 CSsO/1 MON-2

D2/M46 1 MON-2 1 MON-2 1 MON-2

D1/M47 SAl DFE-Q/ UOA IEC-Q/ SAl/ MON-2
MON-2 MON-2 UOA

D0/M48 1 MON-2 1 MON-2 1 MON-2

Control via Quad IEC DFE-Q

— ACT (Activation bit). ACT = (1) —> Layer 2 ready for communication
— DEA (Deactivation bit). DEA =(0) —> LT informs NT that it will turn off
— CSO (Cold Start Only). CSO = (1) —> NT-activation with cold start only
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— UOA (U-Only Activation). UOA = (0) —> U-activation only
— SAI (S Activity Indicator). SAl = (0) —> S-interface is deactivated
— FEBE (Far-end Block Error). FEBE = (0) —> Far-end block error occurred

Transmission on U-Interface

— In the transmit direction (on DIN), only the undefined bits market with binary “1” may
be controlled by making use of a MON-2-message.

— All overhead bits are set to binary “1” when leaving a power-down state. No further
processing is performed by the Quad IEC DFE-Q.

Reception on U-Interface

— In the receive direction (on DOUT), the overhead bits of the last two U-interface
superframes are compared and a MON-2-message defining all 12 bits is issued if a
difference between both was found on at least one single bit other than the “FEBE” bit.
Therefore a MON-2-message is sent not more often than once per superframe (12 ms
interval).

— In order to notify the controller of the initial system status, one MON-2-message is
issued immediately after reaching the “Line Active” state.

2.1.34 MON-8 Commands (Local Functions)

Local functions are controlled via MON-8-commands. MON-8-commands have the
lowest priority. The following tables give an overview of structure and features of
commands belonging to this category.

Table 11
MON-8 Command Structure
1. Byte 2. Byte
1000 r| 000/1 D7 D6 D5 D4 D3 D2 D1 DO
MON-8 Register Addr. Local Command (Msg./Data)
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Table 12
MON-8-Functions (4. Priority)
LT Function
D U Local Commands
PACE Partial Activation Control External. With the PACE-command issued at the

NT-side, the Quad IEC DFE-Q will ignore the actual status of the received
UOA-bit and behave as if the UOA-bit is set to (1). If issued at LT-side, the
actual status of the SAI-bit is ignored and the device works as if SAl = (1) is
received. After issuing PACE the UOA/SAI-bits can be controlled by MON-2-
commands.

PACA Partial Activation Control Automatic. PACA enables the device to interpret
and control the UOA- and SAl-bits automatically (NT- and LT-side
respectively). Partial activation and deactivation in NT-PBX mode is therefore
possible. The Quad IEC DFE-Q is automatically reset into this mode in the
states “Test”, “Receive Reset” and “Tear Down”.

CCRC Corrupt CRC. This command causes the device to send inverted (i.e.
corrupted) CRCs. Corrupted CRCs are used to test block error counters (see
section 2.10.2).

NORM Return to Normal. The NORM-command resets the device into its default
mode, i.e. loops are resolved and corrupted CRCs are stopped. In NT-mode
it is only used in transparent mode.

RBEN Read Near-End Block Error Counter. The value of the near-end block error
counter is returned and the counter is reset to zero. The maximum value is
FFy.

RBEF Read Far-End Block Error Counter. The value of the far-end block error
counter is returned and the counter is reset to zero. The maximum value is
FFy.

ABEC | Answer Block Error Counter. The value of the requested block error counter
is returned (8 bit).

SETD Set status of D-pins. Four driver pins can be set to either low or high.
RST Read Status pins. The logic state of two Status pins is requested
AST Answer Status pins. Answer to command RST. Also issued without request

on change of either one of the ST pins

RPDU Read Propagation Delay on U-interface

APDU | Answer propagation delay on U-interface

BSYN Synchronize base stations. Only in LT-PBX mode. Issues EOC-message
"25h" after falling edge on LT-pin

RID Read Identification. Request for device identification.
AID Answer identification. The IEC Quad DFE will reply with the ID 8004
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Table 12
MON-8-Functions (4. Priority)
LT Function
D ] Local Commands
SFB Set FEBE Bitto 0

For a quick reference the key characteristics of the MON-8 commands are summarized
on the following pages.
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Function

MON-8-commands are used to implement local functions like reading coefficients and
block error counters as well as for controlling the power controller interface and test
functions.

MON-8-commands may be passed at any time and need to be transferred only once.

Latching
Latched commands must be disabled explicitly with the “NORM” command.

— internal transfer commands (RCOE, RBEN/F, RPFC, WCI, RCI, RID)- non latching
— test and activation control commands (PACE, PACA, CCRC, LB1/2, LBBD)-
latching

Priority
MON-8-indications have the lowest priority of the three MON-categories available.

Code
Table 13
Format of MON-8-Messages
1. Byte 2. Byte

1000 ri00ls D; D¢ Ds D, D3 D, D; D,

MON-8 Register Addr. Local Command (Message/Data)
r: Register address ~ — 0 = local function register

— 1 =internal register

Is: Least significant bit depends on the command (refer to table 14)
D, - Local command — 00 ... FFy = local function code

— 00 ... FFy = internal register address

The following local commands are defined. If a response is expected, it will comprise 4
bytes (2 messages a 2 bytes) if the value of an internal coefficient is returned, and 2
bytes in all other cases.
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In a two-byte response the first byte will indicate that a MON-8 answer is transmitted, the
second byte contains the requested information. This procedure is repeated for a four-
byte transfer (MON-8, Info 1, MON-8, Info 2).

Table 14
MON-8-Local Function Commands
1.Byte 2.Byte MON-8-Functions (4. Priority)

r Is| Code (Bin) D U Function
1000 0 00 O | 10111110 PACE Partial Activation Control External
1000 0 00 O | 10111111 PACA Partial Activation Control Automatic
1000 0 00 O | 1111 0000 CCRC Corrupt CRC
1000 000 O | 11111111 NORM Return to Normal
1000 0 00 O | 11111012 RBEN Read Near-end Block Error Counter
1000 0 00 O | 11111010 RBEF Read Far-end Block Error Counter
1000 000 O | rrrrrrrr ABEC Answer Block Error Counter
1000 0 00 1 | 0111 DCBA SETD Set status of D-pins D, C, B, A
1000 0 00 1 | 0000 0000 RST Read Status pins
1000 0 00 1 | XXXX XXS,;S, AST Answer Status pins S,, S,
1000 0 00 1| 1000 0000 RPDU Read Propagation Delay on U-

Interface
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1000 1 aa a | aaaaaaaa APDU Answer Propagation Delay on U-
Interface
1000 0 00 1| 00100101 BSYN Synchronize base stations
1000 0 00 O | 0000 0000 RID Read Identification
1000 0 00 O | 0000 0100 AID Answer Identification. The Quad IEC
DFE-Q will reply with the ID 8004y
1000 0 00 O | 11111001 SFB Set FEBE-Bit to (0)
1000 1 00 O cccce ceee RCOEF Read Coefficient
DCOEF | Data Coefficients, 2 bytes
1000 1 00 O | bbbb bbbb Data bits D, -, 1. byte
1000 1 10 O | bbbb bbbb Data bits D, 5, 2. byte
Notes:a ... apropagation delay value
b ... binternal coefficient value
c ... cinternal coefficient address
r ... rresult from block error counter
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2.2 Interface to the Analog Front End

The interface to the PEB 24902 ESCCS8 is a serial interface at the pins SDX and SDR.
On SDX and SDR transmit and receive data is exchanged as well as control information
for the start-up procedure. The ADC output from the ESCCS8 is transferred to the Quad
IEC DFE-Q on the signals PDMO0..PDM3. The timing of all signals is based on the 15.36
MHz clock which is provided by the ESCCS.

The transmit data, powerup/down, range function and analog loopback are transferred
on SDX, and the level status on SDR for all line ports. Eight time slots contain the data
for up to eight line ports. The Quad IEC DFE-Q uses four of them. Table 15 shows the
assignment of the IOM-2 channels to the time-slots on SDX/SDR and the assignment
of the time-slots to the line ports.

Table 15
Assignments of IOM Channels to Time-Slots on SDX/SDR and Line
Ports
IOM-2 Channel No. Time-Slot No. Line Port No.
0/4 1 0
1/5 3 1
2/6 5 2
3/7 7 3

The allocation of these time slots is done by the nineth time slot, a 24 bit synch. word on
SDX, that consists of all ZEROs. The other time slots with transmission data start with a
ONE. Therefore the first ONE after 24 subsequent ZEROs is the first bit of time slot no.
0. This information is also used to determine the status of synchronisation of the digital
interface after reset.

Cross-references: 2.1 Commands in Different MON-Categories
2.1.34 MON-8-Codes
2.7 Overhead Bits on U-Interface
2.8 Control Procedures Involving UOA/SAI
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2.2.1 Frame structure

The 192 available bits during a 80 kHz period (related to the 15.36 MHz clock) are
divided into the 9 slots of which 8 slots are 21 bits long used for data transmission. The
status on SDR is synchronized to SDX. Each time slot on SDR carries the corresponding
LD bit during the last 20 bits of the slot.

421 Bit  21Bit 21Bit 21Bit  21Bit 421 Bit 421 BH‘ 21 Bit P 24 Bit

- < < < <
L b | > > >

Ll L

Slot O | Slot 1 ] Slot 2 | Slot 3 | Slot 4 | Slot 5 | Slot 6 | Slot 7 |Synch, Word

0 21 42 J63 @4_ 105 126 147 168 191
"0 1 2 3 4 5 & 7 B 9 10 11 12 13 14 15 16 17 18 19 20
SDX [sy=1] o2 | 1] 100 [Nora]roow]|Loop [ranee| o7 | o | o [ o o [0 | o | o | o o [ o | o |
SDR[ o | |
TD06911
Figure 17

Frame Structure on SDX and SDR

The data on SDX is transmitted from the Quad IEC DFE-Q to the ESCCS:

NOPQ: The no-operation-bit is set to ZERO if none of the control bits (PDOW,
RANGE and LOOP) shall be changed. The control bits on SDX then are set
to ZERO to reduce digital cross-talk to the analog signals. The values of the
control bits of the assigned line port are latched by the ESCCS.

The NOPQ bit is set to ONE if at least one of the control bits shall be changed.
In this case all control bits are transmitted with their current values.

PDOW: If the PDOW bit is set to ONE, the assigned line port is switched to power
down otherwise it is switched to power up.

RANGE: RANGE = ONE activates the range function of the ESCCS8, otherwise the
range function is deactivated. "Range function activated" refers to high input
levels as they occur at short loop lengths.

LOOP: LOOP = ONE activates the loop function of the ESCCS8, i.e. the analog loop
is closed. Otherwise the line port of the ESCCS is in normal operation.

SY: First bit of the time slots with transmission data. For synchronisation and bit
allocation on SDX and SDR, SY is set to ONE.
"0": reserved bit. Reserved bits are currently not defined and set to ZERO. Some

of these bits may be used for test purposes or can be assigned a function in
later versions.
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The data on SDR is transmitted from the ESCCS8 to the Quad IEC DFE-Q:

LD: The input signal at the U-interface is evaluated by the Quad IEC AFE. If the
signal amplitude reaches the wake-up level, the LD bit toggles with the signal
frequency. If the signal at the U-interface is below the wake-up level, the LD-
bit is tied at either low or high.

The 2B1Q data is coded with the bits TD2, TD1, TDO. The ESCC8 will transmit the
quarternary pulses according to the following table:

Table 16
Coding of the 2B1Q data
2B1Q Data TD2 TD1 TDO
0 1 don’t care don’t care
-3 0 0 0
-1 0 0 1
+3 0 1 0
+1 0 1 1
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2.3 Driver Pins

Each channel has access to four Driver output pins. The logic state of all Driver outputs
belonging to one channel is set with a MON-8 command. The MON-8 command SETD,
given in the IOM-2 time slot assigned to channel j sets the state of the pins DiA, DiB, DiC,
and DID as given by the bits of the last nibble of the command.

The state of the Driver pins is not affected by any software reset. The state of all four pins
on all four channels after hardware reset is ,low".

Cross-reference: Table 14 MON-8-Local Function Commands

2.4 Reading Status Pins

Each channel owns two status pins, who's logical value is reported in the Monitor
channel. The status of the pins STO0 and STO1 is issued as MON-8 message AST in the
Monitor channel of channel 0. The pins ST10 and ST 11 report to channel 1, the pins
ST 20 and ST 21 report to channel 2 and the pins ST30 and ST 31 report to channel 3.
Any change at one of the two pins causes a Monitor message to be issued automatically
giving the state of both status pins. Additionally, the Quad IEC DFE-Q will issue the state
of the two pins by the same Monitor message upon request with the command RST. The
STxy pins have to be tied to either VDD or GND, if not used.

Note that changes of the status information occurring within a period of less than 10 IOM-
2 frames might be discarded.

Cross-reference: Table 14 MON-8-Local Function Commands
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2.5 PBX Application

This section describes special issues for D-Channel arbitration together with the PEB
20550 ELIC and for the synchronization of cordless base stations using the DECT
standard. Figure 6 presents a PBX linecard with different line interfaces. All digital line
interface transceivers behave compatibly.

25.1 D-Channel Arbitration

In order to facilitate the simultaneous serving of multiple D-channels with one HDLC-
controller, e. g. using the ELIC, the PEB 24911 uses the EOC-Channel of the Uko
interface to forward the stop/go information to the terminal. A 6 ms cycle time is possible.
As there is no bit in the U-interface frame structure reserved for this application, the
EOC-channel is used to transmit the information. The function is as follows:

In LT-PBX-Mode, a C/I-command 1000b (AR) triggers the transmission of the associated
EOC message 274 to the NT side in the next available half superframe. This will only be
done once. The PEB 2091 IEC-Q V5.1 translates this message into a continuous series
of "1" on the S/G-bit of the IOM-2 channel structure indicating that the D-channel access
IS not provided. As soon as the C/I-code AR is switched to the C/I-code 1100b (Al), the
EOC-message 254 is sent to the NT-side and the S/G-bit will be set to "0" indicating
access permission to the D-channel. Figure 18 illustrates the relation of C/I-code at DIN
of the LT-side and the S/G-bit at the NT-side.

¢/I-Code at DIN: { xox X 1100 X 1000 X 1100 X 1100 )

o CRT GF- GED G CID)

Vv
e XXX e X

6 ms ITDD6957

Figure 18
Passing D-channel arbitration to the Terminal via the EOC channel

This behavior is compatible to the operation of the PEB2096 OCTAT-P, except the fact,
that the OCTAT-P can set the S/G bitin 0.5ms intervals and the Quad IEC DFE-Q only
in 6 ms intervals. Note however, that the PEB 2091 IEC-Q v5.1 at the NT side provides
a method to safely assign the HDLC-controller to the terminal before it actually sends the
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HDLC-frame to the line module. Hence, complete D-channel arbitration is provided.
Refer to the PEB 2091 IEC-Q Delta Sheet for version 5.1 for a detailed description.

Note that after a C/I code 1000b (AR) or 1100b(Al) has been applied the DFE-Q needs
at least a period of 7 IOM-frames for further processing of the D-channel arbitration
commands. During this time no Monitor commands should be issued.

If maintenance functions are to be executed, care has to be taken about the continuation
of the D-Channel arbitration. Note however, that the Monitor channel and the EOC-
channel are only occupied during the edges of the according C/I-command changes.
Hence, there will be room for the use of the Monitor channel. An edge towards either CI
1100b or 1000b immediately will abort any Monitor command at DIN and send an abort
request at DOUT.

2.5.2 Controlling DECT-basestations

The PEB 24911 provides additional features for the use together with terminals which
control cordless telephones. These are

e constant propagation delay from IOM-2 to U-interface and vice versa
e synchronized transmission on all line ports connected to one IOM interface

e synchronization of DECT base stations by transmission of a sync-event via the EOC
channel

e propagation delay measurement of the U transmission line

25.2.1 Synchronization of DECT-base stations

Similar to the D-channel arbitration procedure the DFE-Q V1.2 provides a control
mechanism that allows to determine the S/G bit setting within the IOM-2 frame on the
NT side. In case of DECT synchronization, the sync. process is initiated by the MON-8
command BSYN (8125) which enables the transmission of the snyc. pattern 25, via the
EOC channel on U. When the reception of the MON-8 message is completed and
acknowleged by the MR-bit (EOM), the DFE-Q issues the associated EOC message 254
simultaneously on all enabled channels as soon as a negative edge at the LT pin is
detected (see figure 19).

The PEB 2091 IEC-Q v5.1 - if programmed appropriately in TE mode- will interprete this
EOC message such, that 4 "1" bits will appear at the S/G-bit followed by 44 "0" bits.
These 48 IOM-frames constitute a period of 6 ms.
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In order to get synchronized to the DECT frame care has to be taken with respect to the
point of time when the BSYN command is issued. With means of a microcontroller the
issue of the MON-8 message can be controlled in such a way that with the first falling
edge at pin LT after a positive clock edge of the DECT Sync the EOC message 25 is
propagated to the NT side. Figure 20 illustrates the interdependency of the associated
clock signals and the triggering of the appropriate MON-8/ EOC message.

Note that it has to be ensured that the Monitor channel is in idle state in
downstream direction, i.e. there should be no other Monitor channel activity
before the BSYN command is applied to the DFE-Q. Moreover, proper processing
of the BSYN command is only guaranteed, if a recovery time of at least 8 IOM
frames is met after a negative edge at the LT pin has occurred. Moreover the echo
of an issued eoc= 25H command has to be received before a new eoc command
may be sent

Linecard U-Interface
> ISW
LT-PBX €oc =25
BSYN: J/
gﬂlozns-ﬁ eac = 25 > ISW
EPIC AFE/DFE
IOM-2
eoc = 25 > ISW
eoc = 25 - ISW
LT B
12 ms

Figure 19
DECT synchronization procedure
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Frame sync (FSC = 8 kHz)

frequency division by 96
Superframe sync (SFSC = 83.333 Hz)

LT Pin .Y
-I_I 1 “2 “3 Z . J99 ”100 ZZ_|_|199 200

MUC interrupt starts counting Mon O1FF

—

rising edges of SFSC counter interrupt v
A frequency division by 200 + EOC 25 EOC FF
Mon 8125
\4
DECT sync

K |

24 S <dectint.drw>

Figure 20

Synchronization of cordless basestation using the EOC-channel

25.2.2 Propagation delay measurement

The propagation delay can be requested with the MON-8 command RPDU (Request
Propagation Delay on U) and will be issued as MON-8 Message. The propagation delay
that is measured is the time between the transmission of the U-frame at the LT-side and
the reception of the associated U-frame at the LT side after the data have been looped
and issued by the NT-device (see figure 21).

The propagation delay value is updated every 1.5ms (duration of 1 U basic frame) during
normal operation. Transmitting it to the terminal allows to adopt an appropriate delay in
the base station in order to synchronize signal flow on the air interface.

The Monitor message giving the delay is of the format 1000 1z,qzgzg Z7 .. Zj. Bits z1g t0
zg give the binary coded roundtrip delay in 260ns resolution.
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ulll

> ¥ - L

Tx - Jitter -
(1) (2)
- Value
(4)
[~ feL L
(3)
DFE-Q/ AFE IEC-Q V5.1

Figure 21
Propagation delay measurement from LT to NT

For further information about the conversion of the binary result in microseconds and
information about tolerances (1,2,3,4 in figure Figure 21) that have to be considered
please refer to the application note ,,A Dedicated Chip Set Features Synchronization of
DECT Basestations Interfacing the U-Reference Point".

The measurement is possible while the Quad IEC DFE-Q state machine is in the
transparent states. That is, during transmission of data, the measurement can be
repeated to cope with delay variations which may occur due to a temperature shift of the
line.
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2.6 Reset

There are two different ways to apply a reset,

— either as a hardware reset by setting pin RESQ to low
— or as a software reset via the ' C/I= RES’ command

Hardware Reset
A hardware reset affects all four line ports and is executed in the following way:

As long as no DCL clock is applied, the reset impulse is stored. Triggered by the first DCL
clock edge the hardware reset is then carried out and lasts for max. 4 IOM frames after
the RESQ signal has been deactivated again.

With respect to the interface to the Analog Front End, to the driver output pins and to the
propagation delay measurement function. However, the hardware reset takes effect
immediately and is not controlled by the DCL clock.

Software Reset

A software reset has only effect on the addressed line port and the corresponding status
pins. Therefore status changes will be lost during a SW reset. The remaining line ports,
the interface to the Analog Front End, the driver output pins and the propagation delay
measurement logic are not affected.

Power-on-Reset

When applying power to the Quad DFE-Q V1.2 an internal power-on-reset sets the
device in an initial state. A reset pulse is generated, if Vpp raises above the POR
threshold (see table 17 for the POR threshold).

Starting from a Vpp voltage of below 50mV the DFE-Q V1.2 behaves during power-up
as version 1.1. In this case a power-on-reset is generated for any rising Vpp slopes minor
than 5V/2ns. The POR function is enabled again as soon as Vpp drops below 50mV (see
table 17).

Table 17
Parameters for POR activation (starting from below 50mV)
Parameter Limit Values Unit
min. |typ. |max.
Maximum Vpp slope 5V/2ns
POR enable threshold 50 mV
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Even if the supply voltage starts from a Vpp voltage of above 50mV and below 1.0V
the DFE-Q V1.2 guarantees now proper POR function but with the restriction that the
rising Vpp slope has to be minor 5V/4ps.

With these initial parameters the POR function is enabled again if the supply voltage Vpp
drops below 1.0V for a minimum period of 80ns (see figure 22 and table 18).

Vb
5V
1OV f-om e\
somv|{
ov |
min 80ns time
Figure 22
Power-on-reset behaviour of the DFE-Q V1.2 after Vpp collapse
Table 18
Parameters for POR activation (starting from 50mV< Vpp< 1.0V)
Parameter Limit Values Unit
min. |typ. |max.
Maximum Vpp slope 5V/4pus
POR enable threshold 1.0 \%
Vpp -below-1V-time 80 ns
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2.7 U Interface

The U-interface establishes the direct link between the exchange and the terminal side.
It consists of two copper wires. The ESCC8 uses four differential outputs (AOUT, BOUT)
and four differential inputs (AIN, BIN) for transmission and reception. These differential
signals are coupled via four hybrids and four transformers to the four two-wire U-
interfaces. The nominal peak values of =+ 3 correspond to a 3.2 Vpp chip output and 2.5
Vpp on the U-interface.

Direct access to the U-interface is not possible. 2B + D user data can be inserted and
extracted via the IOM-2 interface. Control of maintenance bits is partly possible with
IOM-2 monitor messages and power controller interface pins. The remaining
maintenance bits are fully controlled by the Quad IEC DFE-Q itself and allow no external
influence (e.g. CRC-checksum).

2.7.1 Frame Structure/Timing

Transmission over the U-interface is performed at a rate of 80 kBaud. The code used is
reducing two binary informations to one quaternary symbol (2B1Q) resulting in a total of
160 kbit/s to be transmitted. 144 kbit/s are user data (B1 + B2 + D), 16 kbit/s are used
for maintenance and synchronization information.

Data is grouped together into U-superframes of 12 ms each. The beginning of a new
superframe is marked with an inverted synchronization word (ISW). Each superframe
consists of eight basic frames (1.5ms) which begin with a standard synchronization word
(SW) and contain 222 bits of information. The structure of one U-superframe is illustrated
in figure 23.

ISW 1. Basic Frame SwW 2. Basic Frame - SwW 8. Basic Frame
<--- 12 ms --->
Figure 23

U-Superframe Structure

(h SwW 12x2B +D M1 — M6

(Inverted) Synch Word User Data Maintenance Data

18 Bit (9 Quat) 216 Bits (108 Quat) 6 Bits (3 Quat)

<--- 1,5ms -—-->
Figure 24

U-Basic Frame Structure

Semiconductor Group 64 12.97



S|EMENS PEB 24911
PEF 24911
Table 19
U-Frame Structure
Framing | 2B + D Overhead Bits (M1 — M6)
Quat 1-9 10— | 118s | 118 m | 119s 119 m 120s | 120 m
Positions 117
Bit 1-18 19 - 235 236 237 238 239 240
Positions 234
Super Basic Sync
Frame # | Frame # Word |2B+D M1 M2 M3 M4 M5 M6
1 1 ISW |2B+D|EOCal | EOCa2 |EOCa3| ACT/ 1 1
ACT
2 SW 2B+D | EOCd | EOCil | EOCi2 | DEA/ 1 FEBE
m PS1
3 SW 2B+ D | EOCi3 | EOCi4 | EOCiI5 | 1/PS2 | CRC1 | CRC2
4 SW 2B+ D | EOCi6 | EOCi7 | EOCi8 | 1/NTM | CRC3 | CRC4
5 SW 2B+ D | EOCal | EOCa2 |[EOCa3| 1/CSO | CRC5 | CRC6
6 SW 2B+ D | EOCd | EOCil | EOCi2 1 CRC7 | CRC8
m
7 SW 2B+ D | EOCi3 | EOCi4 | EOCI5 | UOA/ | CRC9 | CRC
SAl 10
8 SW 2B + D | EOCi6 | EOCi7 | EOCi8 |AIB/NIB | CRC11 | CRC12
2,3...
LT- to NT dir. > / < NT-to LT dir.
—ISW Inverted Synchronization Word (quad): -3-3+3+3+3-3+3-3-3
—SW  Synchronization Word (quad): +3+3-3-3-3+3-3+3+3
— CRC Cyclic Redundancy Check
— EOC Embedded Operation Channel
a = address bit
d/m = data/ message bit
i = information (data / message)
—ACT Activation bit ACT =(1)—> Layer 2 ready for communication
— DEA Deactivation bit DEA =(0) —> LT informs NT that it will turn off
— CSO Caolt Start Only CSO = (1) —> NT-activation with cold start only
— UOA U-Only Activation UOA = (0) —> U-only activated
— SAl  S-Activity Indicator SAl = (0) —> S-interface is deactivated
— FEBE Far-end Block Error FEBE = (0) —> Far-end block error occurred
—PS1 Power Status Primary Source PS1 = (1) —> Primary power supply ok
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—PS2 Power Status Secondary Source PS2 = (1) —> Secondary power supply ok
—NTM NT-Test Mode NTM = (0) —> NT busy in test mode
— AIB  Alarm Indication Bit AIB = (0) —> Interruption (according to ANSI)

—NIB Network Indication Bit NIB = (1) —> no function
(reserved for network use)

Out of the 222 information bits 216 contain 2B+D data from 12 I0M-frames, the
remaining 6 bits are used to transmit maintenance bits. Thus 48 maintenance bits are
available per U-superframe. They are used to transmit two EOC-messages (24 bit), 12
overhead bits and one checksum (12 bit).

The function of EOC and overhead bits has already been discussed in connection with
monitor messages. The next two sections describe how these bits are transmitted on the
U-interface. Section “Cyclic Redundancy Check” describes the third group of
maintenance bits, the cyclic redundancy checksum.

2.7.2 Embedded Operations Channel (EOC)

The embedded operations channel is used to transfer data from the exchange to the
terminal side and vice versa without occupying B- or D-channels. It is used to transmit
diagnostic functions and signaling information.

EOC-data is inserted into the U-frame at the positions M1, M2 and M3 thereby permitting
the transmission of two complete EOC-messages within one U-superframe.

Access to the embedded operations channel is only possible via the EOC-processor and
the monitor channel in IOM-2. With a MON-0-command a complete EOC-message
(address field, data/message indicator and information field) can be passed to the NT
side.

For a quick reference the key characteristics of the EOC channel are summarized on
the following lines:

Function

EOC-datais inserted into the U-frame at the positions M1, M2 and M3 thereby permitting
the transmission of two complete EOC-messages (2 x 12 bits) within one U-superframe.

An EOC-processor on the chip is responsible for the correct insertion and extraction of
EOC-data on the U-interface. The EOC-processor can be programmed via auto- or
transparent mode selection to implement automatic verification, acknowledgment and
execution of EOC-commands (auto-mode). In states where no U-superframe is
transmitted all EOC-bits on the U-interface are clamped to high.
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Latching

Latching of diagnostic and loop-back functions is performed in auto-mode only. Latched
functions are resolved with the RTN-command.

Modes

The EOC-processor of the Quad IEC DFE-Q can operate in auto- and transparent
modes. The differences between the two modes available were already described in
section 2.1. Features of auto- and transparent mode are therefore only briefly discussed
here.

Auto-Mode
In auto-mode the EOC-processor will work as follows:

— Triple-last-look verification on EOC-messages

— Verified EOC-data will only be accepted if it is different to the previously accepted data

— Accepted new data is forwarded to the IOM-2-monitor channel

— Transmission of new EOC-data enables the reception of a return message even if no
change in the EOC-channel has occurred

Transparent Mode
In transparent-mode the EOC-processor will work as follows:

— No verification on EOC-messages
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MON-0 M1, M2, M3, MON-0
‘ EOC “ fc | £0C
NT U LT
Transmission Possible
ARM (C/1) Indication
OM®'=2 ||43x ’ o OM®'=2
A | \
| \
l L] Transmit
P Request
Execute N will enable
I Return
Echo | \ Message
| | ®
oV -2 ] 7 ol _ ] L_p| oA X [ 1W-2
g
Reception Possible
UAI (C/I) Indication

MON=0 M1, M2, M3, MON—0
FOC > FOC > FOC >
ITD04233
A: Auto—Mode

T: Transparent-Mode

— Allreceived EOC-data is forwarded directly to the monitor channel (6 ms interval)
Figure 25
EOC-Procedure in Auto- and Transparent Mode
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The EOC contains an address field, a data/message indicator and an eight-bit
information field.

With the address field the destination of the transmitted message/data is defined.
Addresses are defined for the NT, 6 repeater stations and broadcasting.

The data/message indicator needs to be set to (1) to indicate that the information field
contains a message. If set to (0), numerical data is transferred to the NT. Currently no
numerical data transfer to or from the NT is required.

From the 256 codes possible in the information field 64 are reserved for non-standard
applications, 64 are reserved for internal network use and eight are defined by ANSI for
diagnostic and loop-back functions. All remaining 120 free codes are available for future
standardization. The eight ANSI defined functions are described in detail in section
2.1.3.2 MON-O0.

Table 20
Supported EOC-Commands

EOC

Address Data/ Information Message

Field Message O (rigin)

Indicator D (estination)

al a2 a3 d/m ili2i3i4i5i6i7i8 LT NT

0 0 O X NT

1 1 1 X Broadcast

0O 0 1 X Repeater stations

1 1 0 No.1 - No. 6
0 Data
1 Message
1 01010000 O D LBBD
1 01010001 O D LB1
1 01010010 O D LB2
1 01010011 @) D RCC
1 01010100 @) D NCC
1 11111111 O D RTN
1 0000O0O0O0O D/O O/D H
1 10101010 D @] ACK
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2.7.2.1 Overhead Bits

The positions M4 and M6 in the U-superframe is reserved for overhead bits. These bits
are used to communicate status and maintenance functions between the transceivers.
The meaning of a bit position is dependent upon the direction of transmission (upstream/
downstream) and the operation mode (repeater or NT/LT).

For details regarding single bits please refer to table Table 19 and the cross-references
listed below.

Cross-references: 2.1.3.3 MON-2-Commands

2.7.2.2 Cyclic Redundancy Check

An error monitoring function is implemented covering the 2B + D and M4 data
transmission of a U-superframe by a Cyclic Redundancy Check (CRC).

The computed polynomial is:

Gu=uP+ull+uwd+u2+u+1
(+ modulo 2 addition)
The check digits (CRC bits CRC1, CRC2, ..., CRC12) generated are transmitted in the
U-superframe. The receiver will compute the CRC of the received 2B + D and M4 data
and compare it with the received CRC-bits generated by the transmitter.

A CRC-error will be indicated to both sides of the U-interface, as a NEBE (Near-end
Block Error) on the side where the error is detected, as a FEBE (Far-end Block Error) on
the remote side. In case both values are not identical, the FEBE bit is set to (0) in order
to indicate that transmission errors had occurred and will be placed in the next available
U-superframe transmitted to the originator.

Table 21 shows this relationship.
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Table 21
CRC in Superframes
LT —> NT Superframe
. Z A B C D
12345678 12345678 12345678 12345678
CRC(2), CRC(A), CRC(B), CRC(C),
FEBE(-1) FEBE(O) FEBE(1) FEBE(2)
NT —> LT Superframe
...0 1 2 3 4
12345678 12345678 12345678 12345678
CRC(0), CRC(2), CRC(2), CRC(3),
FEBE(Y) FEBE(2) FEBE(A) FEBE(B)
------------ > Time

Far-end or near-end error indications increment the corresponding block error counters
of exchange and terminal side.

It is not possible to access the CRC-checksum. Hence the user cannot read or write the
checksum values.

Figure 26 illustrates the CRC-process.
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IOM = =2 NT U LT IOM =" =2
2B+D), M4 SFR
. (28+D) (n) o
! !
G(u) G(u)
v
/CRC1...CRC 12/
- SFR(n+1) J
FEBE
SFR(n+1.0625) Error » (MON-8)
FEBE="1" Counter
(MON-1) SFR(4n+1.0625) 4
NEBE v FEB ="0"
NEBE
(MON-8) < Error
Counter
SFR(n+0.0625) (2B+D), M4
OU—> » DU
v v
G(u) G(u)
/)RC 1...CRC 12/
‘ SFR(n+1.0625)
FEBE
(MON-8) = Error < SFR(n+2)
Counter FEBE="1"
(MON=1) _ 4 SFR(n+2)
FEBE FEBE="0’ v
NEBE
Error » (MON-8)
Counter
ITD04234
Figure 26 CRC-Process
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2.7.2.3 Scrambler/Descrambler

The scrambling algorithm provided by ANSI T1.601 ensures that no sequences of
permanent binary Os or 1s are transmitted. In the receiver the scrambled signal is
reconstructed with a descrambling algorithm. The scrambling/descrambling process is
controlled fully by the Quad IEC DFE-Q. No influence can be taken by the user. Note that
the scrambling algorithm can not be switched off nor by passed.

The algorithms used for scrambling and descrambling in LT- and NT-modes are
described in figure 27. When Loopback #1 is applied, the descrambling is done with the
NT-Mode algorithm.

Note that one wrong bit decision in the receiver automatically leads to at least three bit
errors. Whether all of these are recorded by a bit error counter depends on wether all
faulty bits are part of the monitored channels or not.

Transmit Scrambler

DS < ) P )(_1 > X_1 — — — —P X_1 B X_1 L — —p X—1
-23
v -5 Ds.x
AR f\<DS'X W
1/ €/

Ds =Di & Ds-x~> & Ds.x 2

Receive Descrambler, LT Algorithm

-1

V
=<
iR

Ds «

Bl X — — — ¥ x Bl X — — | x'
)\ 4 Y Dsx-'8 WDS-XB
\J N

Receive Descrambler, NT Algorithm

Ds < -1 -1

x P x7T = X M ox - x7
4 Doy~ WDS-X_B
Do +{ P« DN
L/ L/

Do=Ds(1® x> & x72%) ITD0691 4

\ 4

Figure 27
Scrambler / Descrambler Algorithms
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2.8 Control Procedures

Control procedures describe the commands and messages required to control the PEB
24911. The DEF-Q V1.2 is designed to meet the newest standards of ANSI and ETSI
regarding status control. This chapter shows the user how to activate and deactivate the
device under various circumstances and illustrates the interaction between the stations
involved.

Two types of start-up procedures are supported by the Quad IEC DFE-Q: cold starts and
warm starts.

Cold starts are performed after a reset and require all echo and equalizer coefficients
to be recalculated. This procedure typically is completed after 1-7 seconds depending
on the line characteristic. Cold starts are recommended for activations where the line
characteristic has changed considerably since the last deactivation.

A warm start procedure uses the coefficient set saved during the last deactivation. It is
therefore completed much faster (maximum 300 ms). Warm starts are however
restricted to activations where the line characteristic has not changed significantly since
the last deactivation.

Both start-up procedures differ only in the fact that the device has been transferred into
the TEST state prior to activation. Activation initialization and procedure is in both cases
identical. The following sections thus apply to both warm and cold start-ups.

The following table explains all U-interface signals used in the following sections as
defined by ANSI.

Table 22
U-Interface Signals
Signal Synch. Word Superframe 2B +D M-Bits
(SW) (Isw)
NT-Modes (NT —> LT)
TN Y +3 +3 +3 +3
SNO no signal no signal no signal no signal
SN1 present absent 1 1
SN2 present absent 1 1
SN3 present present 1 normal
SN3T present present normal normal
LT-Modes (LT —> NT)
TLY +3 +3 +3 +3
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Signal Synch. Word Superframe 2B +D M-Bits
(SW) (ISW)
SLO no signal no signal no signal no signal
SL1 present absent 1 1
SL2 present present 0 normal
SL3? present present 0 normal
SL3T present present normal normal
Test Mode
sp? no signal no signal +3 no signal
Notes:YAlternating + 3 symbols at 10 kHz
2 Must be generated by the exchange
3) Alternating + 3 single pulses of 12.5 ms duration spaced by 1.5 ms
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2.8.1 Complete Activation Initiated by LT
NT IOM-2 LT IOM-2
< C/IDC (1111p) Cl/DC (1111p) < ; Initial state is “Deactivated”
> C/IDI (1111p) C/IDI (1111p) >:
< C/l PU (0111p) C/Il AR (1000g) < ; Start activation
< C/IDC (1111p) C/ AR (1000p) >; Activation proceeds
C/l ARM (1001g) >: :
< C/l AR (1000p) C/I UAI (0111p) > :
> C/lAl (1100p) ; Confirm that terminal is
; active
< C/l Al (1100g) C/l Al (1100g) >: Activation complete

Figure 28 depicts the procedure if the activation has been initiated by the exchange side.

S/T IOM® -2 U-Reference Point IoM® -2
INFO O < OC P SLO . DC
INFO O DI | SNO . DI |

AR
TL <
_PU N N
. DC SN AR )
SNO
SL1
SL2 act=0 dea=1 uoa=1 ARM
SN2 N
AR SN3 act=0 (sai=0
INFO 2 < ( ) > UAI
< AR -
> SN3 act =0 sai=1
| SL3T act=0 dea=1 uoa=1
INFO 3 A
SN3 act =1 sai=1 o
_ SL3T act=1 dea=1 uoa=1
INFO 4 « AL,
< SN3T -
SL3T
SBCX IEC-Q 1/4 QUAD EPIC®
g IEC-Q
NT g
LT ITDO6915
Figure 28

Complete Activation Initiated by LT
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Instead of the command AR, ARX can be used to initiate the activation. In that case, the
15 sec timer (T1) is disabled. No error EI3 will occur, if the activation was not successful.

2.8.2 Activation with ACT-Bit Status Ignored by the Exchange Side

The LT ignores the ACT-bit transmitted upstream from the NT if the LT-activation has
been initiated with ARO instead of AR. Because the activation with ARO is performed with
the UOA-bit set to “0”, initially only a partial activation is started. By setting UOA=1 via a
MONZ2 message the S-interface is activated as well.

NT IOM-2 LT IOM-2
< C/1DC (1111p) C/1 DC (1111p) < ; Initial state is “Deactivated”
>  C/I DI (1111p) C/I DI (1111b) >:
C/NARO (1101p) < ; Start activation
< C/IPU (0111p) C/l AR (1000pg) >; Activation proceeds with

C/IDC (1111p) C/l ARM (1001p) > UOA =0
C/I UAI (0111p) >
MONS8 PACE (80 BEy) ; Enable control of UOA-bit
MON2 UOA (2F FFy) ;and set UOA =1

AN

AN

C/IAR  (1000g)

>  C/l Al (1100pR) ; Confirm that terminal is
; active
< C/l AR (1000p) C/IUAI  (1100g) >; ACT-bit status ignored
C/I AR (1000g) < ; Enable ACT-bit evaluation
< C/l Al (1100g) C/l Al (1100pg) >; Activation complete
C/NARO (1101p) < ; Disable ACT-bit evaluation
< C/I AR (1000pg) CNUAI  (0111p) >; ACT-bit status ignored
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Activation with C/I-command “AROQ” forces the state machine into the state “Line Active
independently of the ACT-bit status transmitted upstream from the network. Activation
may be completed after the ACT-bit evaluation has been enabled with C/I-command
HARH.

/1 IOM® -2 U-Reference Point IoM® -2
INFOO  OC < SLO _DC
INFOO DI . SLO . DI .
ARO
P TL <
_PU N o
. DC SN1 - AR,
SNO o
P SL1
SL2 act=0 dea=1 uoa=0 ARM |
SN2 _
SN3 act=0 (sai=0) R UA
< SL3T act=0 dea=1 uoa=0 AMONZ:uocﬂr
AR _ SL3T act=0 dea=1 uoa=1
INFO 2 <
NFO3, (R SN3 act =0 sai=1
A| - ac : SCI!: >
> SN3 act =1 sai=1 > P AR
| SL3T act=1 dea=1 uoa=1 Al
< Al “ >
INFO 4 <
SN3T -
P SL3T
SBCX IEC-Q 1/4 QUAD EPICY
b ~ g IEC-Q
NT
LT ITD06916
Figure 29

Activation with ACT-Bit Status Ignored by the Exchange
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2.8.3 Complete Activation Initiated by TE

When initiating an activation from the terminal side, the LT must be in the
“‘DEACTIVATED?” state. For a TE initiated activation to be successful the downstream LT
C/l-code must be DC. This is not the case if the “DEACTIVATED” state has been entered
from the “TEST” state (the last code is DR in this case).

NT IOM-2 LT IOM-2
< C/1DC (1111p) C/1 DC (1111p) < ; Initial state is “Deactivated”
>  C/I DI (1111p) C/I DI (1111p) >
> ciTimY (0000R) ; Start IOM-clocks
< C/l PU (0111p) ; DFE-Q is in power-up
> C/lAR (1000p)
> TIM release 2 ; Start activation
< C/IDC (1111p) C/l AR (1000pg) >; Activation proceeds
C/IARM (1001p) >: :
< C/l AR (1000pg) CNUAI  (0111p) > :
>  C/l Al (1100b) ; Confirm that terminal is
; active
< C/l Al (1100p) C/l Al (1100pg) >; Activation complete

Notes:Y) For the PEB 2070 TIM is requested with register SPCR = 80y
2) For the PEB 2070 TIM release is requested with register SPCR = 00y,

Figure 30 depicts the procedure if the activation has been initiated by the terminal side.
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S/T IoM® -2 U—Reference Point IoM® -2
INFO O . OC « SLO . DC
INFO O DI SNO R DI
INFO 1 M

_PU
AR
> N ~
e ‘ SN1 g AR,
X SNO 4
J SL1 g
. SL2 dct=0 dea=1 uoa=0 ARM
‘ ) SN2 R -
SN3 sai= | 4
J SL3T uoa=1 g UAL
« /R < >

ITD04243

Figure 30
Complete Activation Initiated by TE
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2.8.4 Activation Attempt Initiated by NT in NT-Auto-Mode

In IEC-Q Version 4.3 and following versions the NT-auto-mode has been additionally
implemented. In this mode the NT IEC-Q will start one single activation attempt after
leaving the “TEST" state, i.e. after being resetted. In case the LT is in the condition where
it can be activated, activation proceeds as described in the previous section.

The example below illustrates the procedure if the LT refuses to acknowledge the
activation attempt.

NT IOM-2 LT IOM-2
S — C/IDR  (0000g) C/IDEAC (0001b)  ------ > ; Both side in “TEST” state
------ > C/IRES (0001p) C/IRES (0001b) <
------ > C/I DI (1111p) “TEST"” state left for 1. time
S C/IDC (1111p) NT activation attempt failes,
S — C/NEI1  (0100g) because LT in “TEST”
S — C/IDR (0000g) state.
S — C/I DC (1111p)
2.8.5 Complete Deactivation

Deactivating the U-interface can be initiated only by the exchange. A deactivation can
be started when the device is in the states 'LINE ACTIVE’, 'PEND. TRANSPARENT’ or
"TRANSPARENT’ or 'S/T DEACTIVATED'.

NT IOM-2 LT IOM-2
C/I DR (0000g) S ; Start deactivation
<-mmee- C/I DR (0000pR) C/IDEAC (0001g)  --—--- > ; Deactivation proceeds
C/1 DI (1111g) - > ; Deactivation complete on
(LT
------ > C/I DI (1111p) ; Power down NT
<-omme- C/IDC (1111p) ; Deactivation complete on
s NT
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S/T IOM® -2 U-Reference Point IOM® -2
INFO 4 < Al < SL3T act =1 dea :'1 uoa=1 AR
INFO 3 Al > SN3T got =1 sai =1 > Al >
DR
P SL3T act =0 dea=0 DEAC _|
P DC d >
B SLO 40 ms
DR 3ms SNO _
—t o | || soms o,
. DC
SBCX IEC-Q 1/4 QUAD EPIC®
IEC-Q
NT
LT ITD06917

Figure 31
Complete Deactivation
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2.8.6 Partial Activation (U Only)

Activating the U-interface only partially is a requirement specified by the CNET. The S-
interface remains deactivated.

When activating partially from the LT-side, the exchange has two options:

First, in case the C/l-command DC is not issued after the partial activation is complete,
the exchange has to issue AR (see section 2.8.8 case 1) before a terminal initiated
complete activation request is accepted. This allows the exchange to retain full control,
even in case of terminal initiated activation requests.

Secondly the exchange can issue DC after UAI has been received. This allows the
terminal to activate the S-interface independently of the exchange (see section 2.8.8
case 2). In this case the exchange has no control of the S-interface activation procedure.

NT IOM-2 LT IOM-2
<---e- C/IDC (1111p) C/IDC (1111p) <-mmee- ; Initial state is “Deactivated”
------ > C/I DI (1111p) C/I DI (1111p) ———
C/NUAR (0111p) <------ ; Start partial activation
<-omme- C/l PU (0111p) C/Il AR (1000g) - > ; Activation proceeds
<emmmm C/IDC (1111p) C/NARM (1001g)  --——-- > :
C/l UAI (0111g) - > ; Partial activation complete
[ChDC  (1111p)] <-mmme- ; Exchange retains no
; control of S-interface
; activation

The NT IEC-Q is in the “Synchronized 1" state (see IEC-Q v4.3 User's Manual 02/95
page 175) after a successful partial activation. IOM-2-clocks DCL and FSC are issued.
On DOUT the C/I-message “DC” as well as the LT-user data is sent.

While the C/I-messages “DI” (1111b) or “TIM” (O000b) are received on DIN at the NT,
the IEC-Q Vers. 4.3 will transmit “SAI” = (0) upstream. Any other code results in “SAI” =
(1) to be sent. On the U-interface the signal SN3 (i.e. 2B + D = (1)) will be transmitted
continuously regardless of the data on DIN.

The LT will transmit all user data transparently downstream (signal SL3T). In case the
last C/I-command applied to DIN was “UAR”, the LT retains activation control when an
activation request comes from the terminal (confirmation with C/I = “AR” required, see
section 2.8.8 case 1). With C/I “DC” applied on DIN, TE initiated activations will be
completed without the necessity of an exchange confirmation (section 2.8.8 case 2).
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S/T IOM® -2 U-Reference Point IOM® -2
INFO O <« 0C < SLO | DC
INFO O DI SNO > DI
_ UAR
P TL <
- PU N
- DC SN1 - R,
SNO o
P SL1 ‘
| SL2 act=0 dea=1 uoa=0 ARM |
SN2 N
SN3 act=0 sai=0 o
_ SL3T act=0 dea=1 uoa=1 UAL
| (bC)
SBCX IEC-Q 1/4 QUAD EPIC®
~ IEC-Q
NT
LT ITD06918
Figure 32
U Only Activation
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2.8.7 Complete Activation Initiated by LT with U Active

When U is already active, the S-interface can be activated either by the exchange or the
terminal. The first case is described here, the second in the next section.

NT IOM-2 LT IOM-2
<emmee- C/IDC (1111p) C/l UAR [DC] S ; U only is activated
------ > C/1 DI (1111p) C/I UAI (0111p) ------> ; [exchange retains
; No control]
C/I AR (1000g) <-omee- ; Start complete activation
<emmmm C/l AR (1000pg)
------ > C/I AR (1100g)
C/Il AR (1000g) - > ; Activation proceeds
...... > C/l Al (1100g) ; Confirm that terminal is
; active
C/I UAI (01115) - >
S — C/l Al (1100pg) C/l Al (1100g) - > ; Activation complete

The S-interface is activated from the exchange with the command “AR”. Bit “UOA”
changes to (1) requesting S-interface activation.

/1 IOM® -2 U-Reference Point IOM® -2
INFOO < DC p SL3T act=0 deo:.1 uoa=0 < DC/UAR
INFO 0 DI, SN3 act=0 sai=0 > AL
AR
R  SL3T act=0 dea=1 uoa=1 <
INFO 2 TR
> SN3 act =0 sai =1 o AR
INFO 3 N >
> SN3 act =1 sai=1 .
Al < SL3T act=1 dea=1 uoa=1 UAl
INFO 4 < "
] SN3T N Al
P SL3T
SBCX IEC-Q 1/4 QUAD EPIC®
~ ~ g IEC-Q
NT
LT ITD06919
Figure 33

LT Initiated Activation with U-Interface Active
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2.8.8 Complete Activation Initiated by TE with U Active

When the terminal requests to activate the S-interface (U-interface already active) two
cases can occur:

In the first case the exchange has retained control over the S-interface activation. Then
S-activation can proceed only after the explicit permission by the exchange with AR. This
situation is discussed in this section under “case 1.

In the second case the exchange is not requested to send AR in order to continue
activation. This situation is described in “case 2” of this section.

The terminal recognizes no difference between the two types, the procedure on NT-side
consequently is identical in both cases.

Case 1 (controlled by exchange)

NT IOM-2 LT IOM-2
<emmmm- C/IDC (1111p) C/NUAR (0111p) <--mmm- ; U only is activated
------ > C/I DI (1111p) C/lUAlI  (0111p) ——meeeD>
______ > C/l AR (1000g) ; Terminal requests
; activation
C/l AR (1000g) - > ; Exchange is notified of
; request
C/l AR (1000p) <--m--- ; Exchange permits
; S-activation
e C/l AR (1000g)
...... > C/l Al (1100g) ; Confirm that terminal is
; active
C/NUAlI  (0111g)  ------ >
S C/l Al (1100g) C/l Al (1100g) - > ; Activation complete
Case 2 (no control by exchange)
NT IOM-2 LT IOM-2
S J— C/IDC (1111p) C/ DC S ; U only is activated
------ > C/I DI (0011p) C/lUAlI  (0111p) ——meeeD>
______ > C/l AR (1000g) ; Terminal requests
; activation
C/l AR (1000g) - > ; Exchange is notified of
P C/l AR (1000g) ; proceeding S-activation
...... > C/l Al (1100p) ; Confirm that terminal is
; active
C/lUAI  (011lg)  -—-- >
Cmmmenm Cl Al (1100g) CN Al (1100g) - > ; Activation complete
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The TE initiates complete activation with INFO 1 leading to “SAI” = (1). Case 1 requires
the exchange side to acknowledge the TE-activation by sending C/I = “AR”, Case 2
activates completely without any LT-confirmation.

S/T IoM® -2 U-Reference Point IOM® -2
INFOO p DC < SL3T act=0 deoz'1 uoa=0 _ UAR
:Egg? DI q SN3 act=0 sai=0 q UAI q
— > AR
» SN3 act=0 sai=1 N
> AR
AR
AR _ SL3T act=0 dea=1 uog=1 <
INFO 2 <
INFO 3 AL
» SN3 act =1 sai=1 ~
Al < SL3T act=1 dea=1 uoa=1 UA]
INFO 4 < 7
D — SN3T Al
B SL3T
SBCX EC-Q 1/4 QUAD EPIC®
IEC-Q
NT N y

LT ITD06320

Figure 34
TE-Activation with U Active and Exchange Control (case 1)
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S/T IOM® -2 U-Reference Point IOM® -2
INFOO < DC < SL3T act=0 dea:j uoa=0 < DC
:Egg? DI SN3 act=0 sai=0 > VAL
—» AR |
» SN3 act=0 sai=1 N
> AR
AR | SL3T gct=0 dea=1 uoa=1
INFO 2 <
INFO 3 R
» SN3 act =1 sai=1 N
Al | SL3T act=1 dea=1 uoa=1 UAI
INFO 4 < 7
D E— SN3T Al
P SL3T
SBCX IEC-Q 1/4 QUAD EPIC®
~ IEC-Q
NT ”
LT ITD06921
Figure 35

TE-Activation with U Active and no Exchange Control (case 2)
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2.8.9 Deactivating S/T-Interface Only

The following shows the procedure for deactivating the S-interface only while leaving the

U-interface active.

NT IOM-2
S C/l Al
...... > ClAl
S C/l DR
...... > C/IDI
E— C/I DC

(1100g)
(1100g)

(0000g)
(1111g)
(1111g)

LT IOM-2

C/l Al
C/l AR

C/l UAR
C/l UAI
[C/l DC

(1100g) - > ;Initial state: layer 1 activated
(1000p) e

(0111p) <--m-e- ; Deactivate S-interface only
(01115) - > ; S-interface is deactivated
(1111p)] <-mmme- ; Exchange retains no control

Deactivation of the S-interface only is initiated from the exchange by setting the “UOA”

bit = (0).
S/T IOM® -2 U-Reference Point IOM® -2
INFO 4 <« Al < SL3T act=1 deo:1' uoa =1 AR
INFO 3 Al > SN3T act=1 sqi=1 > Al >
_ UAR
oR | SL3T act=1 dea=1 uoa =0 <
INFO O ¢
INFO O D
> SN3 act=0 sai=0 N UA
DC < SL3T act=0 dea=1 uoa=0 >
« (Dc)
SBCX IEC-Q 1/4 QUAD EPICY
~~ IEC-Q
NT
LT ITD06922
Figure 36
Deactivation of S/T Only
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2.8.10 Activation Initiated by LT with Repeater
S/T IOM® -2 U-Ref. Point  1OM®-2  1OM®-2  U-Ref. Point  1OM® -2
INFOO DI SNO_ ) DI v, SNO_ DI
JNF0O - DC | SLo DC PU | SLo | DC
AR
L
IN
_ DC SNT
SN0
Sl
| SL2 ARM |
SN2
AR >
AR <
_TL <
_PU N | v
_ DC SNT >
b SNO |
| SLt
| SL2 ARM
SN2 A
_ AR SN3T >
<NF02 ST AL R
> SN3T
Al >
< oS3t VAL,
SBCX IEC-Q IEC-Q IEC-Q 1/4 QUAD  EPIC®
IEC-Q
NT LT-RP Repeater NT-RP -
ITD06923
Figure 37
Activation with Repeater Initiated by LT
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2.8.11 Activation Initiated by TE with Repeater
S/T IOM® -2  U-Ref.Point  1OM®-2  10M®-2  U-Ref.Point  1OM®-2
< NFOO _DC _ SLo _DC _PU . Slo _DC
INFO 0 DI SNO_ DI TIM SNO_ DI
INFO 1 ™,
_PU
Al N
DC >
N AR, AR N
S st | 2R
. S SNO .
free runnin
( 9) et
- SL2 ARM
AR SN2
SL2 A )
< ARM
SN2 |
NFO AR SN3 |
é
| SL3T UAI |
) g AL, SN3T
Al | LAl >
1 _ SL3T UAI |
SBCX IEC-Q IEC-Q IEC-Q 1/4 QUAD  EPIC®
- 7 - 4 IEC-Q
NT LT-RP Repeater NT-RP y
ITD06924
Figure 38
Activation with Repeater Initiated by TE
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2.8.12 Loss of Synchronization / Signal at Repeater
S/T IOM¥-2  U-Ref.Point  IOM®-2  10M®-2  U-Ref.Point  IOM® -2
Al SL3T AR _ Al _ SL3T _ AR
Al SN3T Al | Al SN3T Al
+“—
Loss of sync.
480 ms
des =0 < E!] SNO ] 480 ms
SL3Tdea =0 fa R
| DC < DEAC _
S0 40 ms
3ms
INFOO R SN0 LsL
D 40 ms Sms >
__INFOO, Dl Ol
> g ol RES
SRS _ SLO <
DR <
 DC _DC
TIM
_PU
SBCX IEC-Q IEC-Q IEC-Q 1|E/CA SUAD EPIC®
NT LT-RP Repeater NT-RP — /
ITD06925
Figure 39
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Loss of Synchronization at Repeater (LT-side)

Figure 40
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S/T OM® -2 U-Ref.Point ~ 1OM®-2  10M®-2  U-Ref.Point  1OM®-2
Al | SLIT AR _ Al _suaT AR
Al SN3T Al Al SN3T Al
4: .
Loss of signal
480 ms
de;R—O R N
SL3T dea=0 <
P DEAC 480 ms
) Sl 40 ms
3ms
DR SNO
< > LSL
% 40ms 3?'5 >
> DL, > DI
< 0C _ DC  DC S0 KRES
M | [
_PU
SBCX IEC-Q IEC-Q IEC-Q 1|E/C4 C()JUAD EPIC®
NT LT-RP Repeater NT-RP
ITD06926

Loss of Signal at Repeater (LT-side)
Figure 41
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S/T IOM® -2 U-Ref.Point ~ 1O0M®-2  10M®-2  U-Ref.Point  IOM¥-2
Al SL3T AR A SL3T AR
Al SN3T Al Al SN3T Al
—,
Loss of sync.
480 ms
RSY | o
| _REST > SN0
< SLO < El g 480 ms
480 ms
INFO 0 2R SN0, s,
INFO 0 40ms 3ms
> RES 1
DI LSL . - SLo <
< be 40 ms 3Ims
o
< DI _
40 ms
_DC
TIM
_PU
SBCX IEC-Q IEC-Q IEC-Q 1/4 QUAD  EPIC®
~ ’ IE
NT LT-RP Repeater NT-RP
ITD06927
Loss of Synchronization at Repeater (NT-side)
Figure 42
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S/T IOM®-2  U-Ref, Point  10M®-2  10M®-2  U-Ref, Point  1OM®-2
Al | sL3T AR Al SL3T AR
Al SN3T Al Al SN3T Al
I~
Loss of signal
480 ms
LSL | o
_REST e SNO
PR 40 ms < 480 ms
480 ms DI
INFO 0 PR N0, =Ly
INFO O 40ms
_INFOO ) R | sw (RES
< be 3Ims
o DR
< DI |
40 ms
_DC
TIM
_PU
SBCX IEC-Q IEC-Q IEC-Q 1/4 QUAD  EPIC®
-~ ~ IEC-Q
NT LT-RP Repeater NT-RP
ITD06928
Loss of Signal at Repeater (NT-side)
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2.8.13 Deactivation with Repeater
S/T IOM¥-2  U-Ref.Point  1OM®-2  |OM®-2  U-Ref. Point  IOM¥-2
Al | sL3T AR Al | SL3T AR
Al SN3T | Al Al SN3T Al
SL3T dea =0 _Ja2R
SL3T dea =0 dea=0 < DEAC,_
< C < "R < -
‘ DEAC.| |« - 40 ms
40 ms <
« SLO 3 s
Ims DR SNO 5
_ DR SNO h i’ B“ls
— ¥ DI | > DI |
<« DC | - DC
_DC TIM
_PU
SBCX IEC-Q IEC-Q IEC-Q 1/4 QUAD  EPIC®
~ ~ ~ IEC-Q
NT LT-RP Repeater NT-RP N
ITD06329
Figure 43
Deactivation with Repeater
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2.9 State Machine

State machines are the key to understand start-up and tear-down behavior of the Quad
IEC DFE-Q. They include all information relevant to the user and enable him to
understand and predict the behavior of the Quad IEC DFE-Q. The informations
contained in the state diagram are:

» state name

» U-signal transmitted

» overhead bits transmitted
» C/I-code transmitted
 transition criteria

* timers

State diagrams are interpreted as follows:

IN
v
Signal Transmitted Single Bit
to U-Inferface Transmitted
(general) to U-Interface
State Name

Indication Transmitted on C/I-Channel
(DoUT)

i TD04257

out

Figure 44
Explanation of State Diagram
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The following example explains the use of a state diagram by an extract of the LT-state
diagram. The state explained is the “Deactivated” state.

The state may be entered by either of three methods:

— from state “Receive Reset” after time T7 has expired (T7 Expired)
— from state “Tear Down” after the internal transition criterion “LSU” is fulfilled
— from state “Test” after the C/I-command “DR” has been sent on DIN

The following information is transmitted:

— SLO (no signal, see chapter 2.8) is sent on the U-interface
— no overhead bits are sent
— C/I-message “DI” is issued on DOUT

The state may be left by either of the following methods:

— Leave for state “Awake” after NT wake up tone (TN) was detected and the C/I-code
DC is present on DIN

— Leave for state “Alerting” after C/I-commands “AR”, “ARQ” or “UAR” were received

— Leave for state “Reset for Loop” after C/I-command “ARL” was received

Combinations of transition criteria are possible. Logical “AND” is indicated by “&” (TN &
DC), logical “OR” is written “or” and for a negation “/” is used. The start of a timer is
indicated with “TxS” (“x” being equivalent to the timer number). Timers are always
started when entering the new state. The action resulting after a timer has expired is
indicated by the path labelled “TxE".

The section following the state diagram contains detailed information on all states and
signals used.
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29.1 LT State Diagram
sLo/sp | DR s | <
:> Test REST Deactivated <
c TN &DC ARL
Any State DEA DI
Pin-SSP or 1 | yTISTIS vI12s
Pin—RES or
SSP or RES or I : 12 p—=2 :
LTD Alerting < Reset for Loop
(AR or ARO or ARX Dl 125 ol
Pin: Funct.: or UAR)&/TN
RESQ TSP T2E¢T35$
0 0 Pin—RES 30 l - T3E
1 1 Pin—SSP RES1
0 1 Pin-DT Wait for TN
DI | B3
TN or TL fT1E
(Loop) w115, T4s
B .
19S, T4S so | B SO
B Awake Error 1S Awake
AR B AR
TOE &
TISEC or TAE)  LSEC or
TIE & ) T4E \ AED
(LSEC or T4E SL1 :
T1S 155 B EC-Training
AR
LSEC or TSE g T6S
SL2  |a=0,d=1
EC-Converged
ARM
SEC or T6E or ARL g
SL2  |a=0,d=1
EQ-Training REST
E13 ]  ARM
Ted | SFD & (BBD1 or BBDO or CRCOK) & (/T1E or ARX)
I |
l 1 d= > —0. d= I
| OR or LOF SL3T_Ja=1,d=1]T8S > SL3T [q—.O,d—W OR or LOF. |
I €4—— Pend. Transparent acl =1 &/ ARO B Line Active Wl
e UAI, FJ X UAI/FJ I
T8E A
I Any State UAR I
I Pin—-DT or DT \ 4 ARO v ARO I
:DR or LOF :> ST Lozl d= 1 sai=0 & act=0 SUIT lo:0,d:1 DR or LOF :
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Figure 45
State Transition Diagram
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2.9.2

Transition Criteria

The transition criteria used by the Quad IEC DFE-Q are described in the following
sections. They are grouped into:

— C/lI-commands

— Pin states

— Events related to the U-interface

— Timers

29.2.1 C/I-Commands

AR Activation Request
The Quad IEC DFE-Q is requested to enter the power-up state and to start an
activation procedure by sending the wake-up signal TL.

ARO Activation Request with “ACT” bit = (0)
The Quad IEC DFE-Q is requested to enter the power-up state and to start an
activation procedure by sending the wake-up signal TL. After “EQ Training” the
state “Line Active” will be entered independent of the “ACT” bit. Evaluation of the
“ACT” bit is disabled when ARO is received and enabled when AR is received.

ARL Activation Request Local Loop-back
The Quad IEC DFE-Q is requested to operate an analog loop-back (close to the
U-interface) and to start the start-up sequence by sending the wake-up tone TL.
This command may be issued only after the Quad IEC DFE-Q has been set to the
“Deactivated” state (C/I-channel code DI issued on DOUT) and has to be issued
continuously as long as loop-back is requested.

ARX Activation Request Extended
The Quad IEC DFE-Q is requested to enter the power-up state and to start an
activation procedure by sending the wake-up signal TL. The difference to the
command AR is that the Timer T1 is disabled. The activation duration may
exceed 15 sec.

DC Deactivation Confirmation

If'DC’ is applied in state “Deactivated” the Quad IEC DFE-Q transitions to state
'AWAKE as soon as it receives a wake-up tone from the NT. If 'DR’ is applied in
state “Deactivated” the wake up request of the NT is not acknowledged. This
way the linecard is able to reject an activation attempt by the NT e.g. during a
service procedure.

By means of the 'DC’ command the LT is also during an U-only activation
capable to control the point of time when the complete transmission line is set
transparent in case a terminal initiated activation request has occurred. In state
'S/T Deactivated’ with applied C/I code 'UAR’ the Quad IEC DFE-Q issues
'UOA= 0’ and receives 'SAI= 0’ from the deactivated S interface. If the terminal
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DR

DT

RES

RES1

SSP

UAR

29.2.2

requests an activation with AR’ issued in the NT the SAI bit is set to '1’ and the
LT indication "UAI’' switches to 'AR’. As soon as 'DC’ is applied instead of 'UAR’
on the LT side the line is set transparent, since the UOA bit reflects the polarity
of SAl and is thus set to '1".

Deactivation Request

This command requests the Quad IEC DFE-Q to start a deactivation procedure
by setting the DEA bit to “0” and to cease transmission afterwards. The DR-code
is a conditional command causing the Quad IEC DFE-Q only to react in the
states “Test”, “S/T Deactivated”, “Line Active”, “Pending Transparent” and
“Transparent”, i.e. when the C/I-channel codes DEAC, UAI, AR, Al, FJ or EI2 are
issued on DOUT.

Data Through

This unconditional command is used for test purposes only and forces the Quad
IEC DFE-Q into the transparent state independent of the wake-up protocol. A far-
end transceiver needs not to be connected; in case a far-end transceiver is
present it is assumed to be in the same condition.

Reset

Unconditional command which resets the chip channel wise; for cold start the
reset code should be applied for a period of at least 8 IOM-frames (1 ms).The
driver outputs are not affected by the C/I-Reset.

Reset 1

The reset 1 command resets all receiver functions; especially the EC- and EQ-
coefficients and the AGC are set to zero. The RES1-code does not reset IOM-
functions (e.g. monitor channel procedure or power controller interface). The
RES1-code should be used when the Quad IEC DFE-Q has entered a failure
condition (expiry of timer T1, loss of framing or loss of signal level) indicated by
the C/I-channel EI3, RSY or LSL on DOUT. Besides resetting the receiver, this
command stops transmission on the U-interface. The DEA bit is not set to “0” by
RESL1.

Send Single Pulses
Unconditional command which requests the transmission of single pulses on the
U-interface. The pulses are issued at 1.5 ms intervals and have a duration of 12.5

MsS.
The chip is transferred to the “Test” state; the receiver will not be reset.

Partial Activation Request (U only)
The Quad IEC DFE-Q is requested to enter power-up state and to start an
activation procedure of the U-interface only.

Pins

Pins influence all four ports while C/I Codes only address the port they are issued for.
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Pin-RES

Pin-SSP

Pin-DT

2.9.2.3

ACT =0/1

Pin-Reset

Corresponds to a low level at pin RESQ. The function of this pin is
equivalent to sending C/I 'RES’ to all chanells. The duration of the reset
pulse must be 10 ns minimum. Before the reset pulse is sent the DCL clock
must be applied. Additionally, the driver output pins, the interface to the
AFE(SDX) and the propagation delay measurement are reset even without
a running DCL clock.

Pin-Send Single Pulses

Corresponds to a high level at pin TSP. The function of this pin is the same
as for the C/lI-code SSP. The C/I-message DEAC will be issued. The high
level needs to be applied continuously for the transmission of single pulses.

Pin-Data Through
Entered when both RESQ and TSP are active (RESQ =“0" and TSP = “1").
The function is identical with the C/I-code DT.

U-Interface Events
“ACT" bit received from the NT-side.

— ACT = 1 signals that the NT has detected INFO3 on the S/T-interface and
indicates that the complete basic access system is synchronized in both
directions of transmission. The LT-side is requested to provide
transparency of transmission in both directions and to respond with
setting the ACT-bit to “1”. In the case of loop-backs (loop-back 2 or single-
channel loop-back in the NT), however, transparency is required even
when the NT is not sending ACT = 1. Transparency is achieved in the
following manner:

— The Quad IEC DFE-Q performs transparency in both directions of
transmission after the receiver has achieved synchronization (state EQ-
training is left) independent of the status of the received ACT-bit.

— The status “ready for sending” is reached when the state transparent is
entered i.e. when the C/I-channel indication Al is issued. This is valid in
the case of a normal activation procedure for call control. In the case of
loop-backs (loop-back 2 or single-channel loop-back in the NT and analog
loop-back in the LT) however, the status “ready for sending” is reached
when the state line active is entered i.e. when the C/I-channel indication
UAI is issued. Until the status “ready for sending” is reached, binary “0s”
have to be passed in the B- and D-channels on DIN.

— ACT =0 indicates the loss of transparency on the NT-side (loss of framing
or loss of signal level on the S/T-interface). The Quad IEC DFE-Q informs
the LT-side by issuing the C/I-channel indication EI2, but performs no
state change or other actions.
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CRCOK

LOF

LSEC

LSU

LSUE

SEC

SFD
TN

Cyclic Redundancy Check OK
This input is used as a criterion that the receiver has acquired frame
synchronization and both its EC and EQ coefficients have converged.

Loss of Framing on the U-interface
This condition is fulfilled if framing is lost for 576 ms. 576 ms are the upper
limit. If the correlation between synchronization word and input signal is not
optimal, LOF can be issued earlier.

Loss of Signal Level behind the Echo Canceler

In the “Awake” state, this input is used as indication that the NT has ceased
the transmission of signal SN1. In the EC-training state, this input is used as
an internal signal indicating that the EC in the LT has converged.

Loss of Signal Level on the U-interface

This signal indicates that a loss of signal level for the duration of 3 ms has
been detected on the U-interface. This short response time is relevant in all
cases where the LT waits for a response (no signal level) from the NT-side,
i.e. after a deactivation procedure has been started or after loss of framing
in the LT occurred.

Loss of Signal Level on the U-interface (error condition)

After a loss of signal level has been noticed, a 492 ms timer is started. After
this timer has elapsed, the LSUE-criterion is fulfilled. This long response
time (see also LSU) is valid in all cases where the LT is not prepared to lose
signal level. Note that 492 ms represent a minimum value; the actual loss of
signal might have occurred earlier, e.g. when a long loop is cut at the LT-
side, the echo coefficients need to be readjusted to new parameters. Only
after the adjusted coefficient cancel the echo completely, the loss of signal
is detected and the timer can be started (if the long loop is cut at the remote
end, the coefficients are still correct and a loss of signal will be detected
immediately).

Signal Level behind the echo canceler
This signal indicates that a signal level corresponding to SN2 from the NT
has been detected on the U-interface.

Superframe Detected

Tone (wake-up signal) received from the NT.

When in the “Deactivated” state, the Quad IEC DFE-Q is requested to start
an activation procedure and to inform the LT-side making use of the C/I-
channel code AR. When in the “Wait for TN” state, the signal TN sent by the
NT acknowledges the receipt of a wake-up signal TL from the LT.

When an analog loop-back is operated, the wake-up signal TL sent by the
LT-transmitter is detected by the LT-receiver.
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The TN-criteria is fulfilled when 12 consecutive periods of the 10 kHz wake-
up tone were detected.

BBDO0/1 Binary “0” or “1s” detected in the B- and D-channels

This internal signal indicates that for a period of time of 6-12 ms a
continuous stream of binary “0s” or “1s” has been detected. It is used as a
criterion that the receiver has acquired frame synchronization and both its
EC- and EQ-coefficients have converged. BBD1 corresponds to the signals
SN2 or SN3 in the case of a normal activation and BBDO corresponds to the
internally received signal SL2 in the case of an analog loop-back or possibly
a loop-back 2 in the NT.

2924 Timers

The start of timers is indicated by TxS, the expiry by TxE. The following table 23 shows
which timers are used:

Table 23
Timers Used in LT-Modes
Timer Duration (ms) | Function State
T1 15000 Supervisor for start-up
T2 3 TL-transmission Alerting
Receiver reset Reset for loop
T3 40 Re-transmission of TL Wait for TN
T4 6000 Supervisor SNO detect Awake
T5 1000 Supervisor EC converge EC training
T6 6000 Supervisor SN2 detect EC converge
T7 40 Hold time Receiver reset
T8 24 Delay time for Al detection Pend. transparent
T9 40 Hold time Awake error
T10 40 “DEA” = (0) transmission Pend. Deactivation
2.9.3 Transmitted Signals and Indications

Signals and indications are issued on the |IOM-2-interface (C/I-codes) and U-interface
(predefined U-signals).

2.9.3.1 Cl/l-Indications

Al Activation Indication
This indication signals that “ACT” = 1 has been received and that timer T8
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RSY

FJ

UAI

has elapsed. This indication is not issued in case ARO is applied to DOUT
or an analog loop-back is operated.

Activation Request

The AR-code signals that a wake-up signal has been received and that a
start-up procedure has commenced. Receiver synchronization has not yet
been achieved.

When already partially active (U only activation), AR indicates that the “SAI”
bit was set to (1), i.e. the S/T-interface has become active.

Deactivation
This indication is issued in response to a DR-code (Pend. Deactivation,
Tear Down) and in the “Test” state (unless PFOFF is active, i.e. PS1 = (1)).

Deactivation Indication

Idle code on the IOM-interface. Normally the Quad IEC DFE-Q stays in the
“Deactivated” state unless an activation procedure is started by the NT-
side.

Error Indication 2

El2 is issued if the received ACT-bit is (0). The NT receiver indicates a loss
of signal or framing on the S/T-interface by setting the upstream ACT-bit to
(0). The Quad IEC DFE-Q remains in the “Transparent” state. After a signal
level or framing is detected again, the C/I-indication Al will be issued anew.

Error Indication 3
This indication is issued when the Quad IEC DFE-Q has not been able to
activate successfully (expiry of timer T1).

Loss of Signal Level
The Quad IEC DFE-Q has entered a failure condition after loss of signal
level (LSUE).

Re-Synchronization indication after a loss of framing (LOF)

For EI3, LSL and RSY indication the LT-side should react by applying the C/
I-channel code RES1 to allow the Quad IEC DFE-Q to enter the “Receive
reset” state and to reset the receiver functions.

Frame Jump

This indication signals that either a data buffer overflow/underflow has been
detected or a phase jump of one of the IOM-timing signals DCL or FSC has
occurred. The FJ-code is issued for a period of 1.5 ms.

U-Activation Indication

The UAI-code signals that the line system is synchronized in both directions
of transmission (see also the input ACT = 1). Maintenance bits are
transmitted normally.
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ARM Activation Request Maintenance
Transmission of maintenance bits is possible.

2.9.3.2 Signals on U-Interface

The signals SLx, TL and SP transmitted on the U-interface are defined in section 2.8.
The polarity of the overhead bits ACT and DEA is indicated as follows:

a = 0/1 corresponds to ACT bit set to binary “0/1".
d = 0/1 corresponds to DEA bit set to binary “0/1".

The polarity of the transmitted UOA-bit depends on the received C/I-channel code:

— UAR sets UOA-bit to binary 0.

— AR sets UOA-bit to binary 1.

— Any other C/I-codes sets the UOA to the same value as the received SAI bit. After
deactivation the UOA-bit is set to binary O until a valid SAI-bit is received.

294 States
This section describes the functions of all states.

Alerting

The wake-up signal TL is transmitted for 3 ms (T2) in response to an activation request
from the LT side (AR or ARL). In the case of an analog loop-back, the signal TL is
forwarded internally to the wake-up signal detector and stored.

Awake

The “Awake” state is entered upon the receipt of a wake-up or an acknowledge signal
TN from the NT. In the case of an activation started by the LT-side, timer T1 is restarted
when the “Awake” state is entered.

Awake Error

The “Awake Error” state is equivalent to the “Awake” state, but is entered only when a
wake-up signal is received while being in the “Receive reset” state. As the “Receive
reset” state was entered upon the application of the C/I-channel code RES1, the “Awake
error” state assures that a minimum amount of time elapses between the application of
the RES1-code and the Quad IEC DFE-Q entering a state (EQ training) in which it again
reacts on the RES1-code. The LT-side is requested to stop issuing the command RES1
within T9 after the receipt of the C/I-channel code AR on DOUT and to replace it by
another command such as the idle code DC for instance.
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Deactivated (Full Reset)

In the “Deactivated” state the device may enter the low power consumption condition.
The power-down mode is entered if no monitor messages are to be expected. In power-
down the receiver and parts of the interface are deactivated while functions related to the
IOM-2-interface and the wake-up detector are still active.

No signal is sent on the U-interface, the differential outputs AOUT and BOUT are set to
0 V. The Quad IEC DFE-Q waits for a wake-up signal TN from the NT-side or an
activation request (AR, ARO, UAR or ARL) from the LT-side to start an activation
procedure.

For the recognition of the wake-up signal TN the following procedure applies:

— TN detected for 4 periods —> transfer within the “Deactivated” state into power-up

— In power-up both differential outputs are setto 3.2 V

— TN detected for a total of 12 consecutive periods —> transition criterion TN fulfilled,
change to next state, if in addition the C/I-command DC is given on DIN.

— TN detected for more than 4 but less than 12 periods —> return to power-down

The input sensitivity stated in chapter “Electrical Characteristics” presents the minimum
level required to meet the TN transition criterion. The power-up condition may thus
already be entered at a lower level.

EC Converged

Upon the EC-coefficients having converged, the Quad IEC DFE-Q starts the
transmission of signal SL2 and waits for the receipt of signal SN2 from the NT (SEC). If
no signal is detected within T6, nevertheless the start-up procedure will be continued. In
the case of an analog loop-back, this state is left immediately because the EC
compensates for the looped back transmit signal.

EC-Training

The signal SL1 is transmitted on the U-interface to allow the LT-receiver to update its
EC-coefficients. The “EC-training” state is left when the EC has converged (LSEC) or
when timer T5 has elapsed. Timer T5 allows the start-up procedure to proceed even if
LSEC due to a high noise level on the U-interface for instance, could not be detected.

EQ-Training

The “EQ-Training” is left after the receiver has achieved synchronization and the
superframe indication has been detected (SFD). Upon expiry of timer T1 the C/I-channel
indication EI3 is issued.
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Line Active

In the “Line Active” state, the Quad IEC DFE-Q transmits transparently in both directions.
The U-Interface is synchronized and the maintenance channel is operational. The Quad
IEC DFE-Q stays in the line-active state

— during a normal activation procedure while the “ACT” bit = (0) is received
— when an analog loop-back is established
— while C/I-command ARO is applied to DIN

In the case of normal activation with call control, binary “0s” have to be applied to the B
and D channels on the IOM-interface. After the C/I-channel indication UAI has been
iIssued, the layer-2 receiver should be fully operational to prevent the first layer-2
message issued by the NT-side upon the receipt of the ALI-code in the TE, to be lost.

Loss of Signal

The “Loss of Signal” state is entered upon the detection of a failure condition i.e. loss of
receive signal (LSUE). The ACT bit is set to “0” and the C/I-channel indication LSL is
issued. The Quad IEC DFE-Q waits for the C/I-channel command RES1 to enter the
“Receive Reset” state.

Loss of Synchronization

The “Loss of Synchronization” state is entered upon the detection of a failure condition
I.e. loss of framing by the LT-receiver (LOF). The ACT-bitis setto “0” and the C/I-channel
indication RSY is issued. The Quad IEC DFE-Q waits for the C/I-channel command
RESL to enter the “Tear Down Error” state and subsequently the “Receive Reset” state.

Pending Deactivation

“Pending Deactivation” is a transient state entered after the receipt of a DR-code. The
DEA-bit is set to “0”. Timer T10 assures that the DEA-bit is set to “0” in at least three
consecutive superframes before the transmit level is turned off.

Pending Transparent

“Pending Transparent” is a transient state entered upon the detection of ACT = 1 and left
by T8. The ACT-bit is set to “1”. The purpose of this state is to issue the C/I-channel
indication Al (corresponding to “ready for sending”) 24 ms after the ACT-bit has been set
to “1” by the LT-transceiver. This assures that under normal operating conditions the Al-
indication is issued first on the TE-side and only afterwards on the LT-side. Thus the
layer-2 receiver in the TE is already operational when the first layer-2 message is issued
by the LT-side.
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Reset for Loop

“Reset for Loop” resets the receiver in order to guarantee a correct adaption of the echo-
and equalizer coefficients.

Receive Reset

The “Receive Reset” state assures that for a period of T7 no signal, especially no wake-
up signal TL, is sent on the U-interface, i.e. no activation procedure is started from the
LT-side. A wake-up signal TN, however, from the NT-side is acknowledged.

S/T Deactivated

The state “S/T Deactivated” will be entered if the received ACT- and SAl-bits are set to
(0). In this state the signal SL3T, ACT = (0), DEA = (1) and UOA = (0) are transmitted
downstream. On the IOM-2-bus the C/I-code UAl is issued while the received SAI = (0).
In order to initiate a complete activation from the S/T deactivation state, the LT needs to
set the UOA-bit to (1). This will occur if either of the following three conditions are met:

— C/I = AR(LT-activation)
— SAIl = (1) & AR(TE-activation with exchange control [DIN = C/I UAR])
— SAI = (1)(TE-activation without exchange control [DIN = C/I DC])

“SIT deactivated” will be left if the received ACT bitis (1), or the C/l code ARO is applied.

Tear Down

In “Tear Down” state, transmission ceases in order to deactivate the basic access, and
the Quad IEC DFE-Q waits for a response (no signal level, LSU) from the NT-side.

Tear Down Error

“Tear Down Error” state is entered after loss of framing has been detected. Transmission
ceases in order to deactivate the basic access and the Quad IEC DFE-Q waits for a
response (no signal level, LSU) from the NT-side. EI3-indication is transmitted after a
transition forced by RES1 from the wait-for-TN or EQ-training states. In the case of
transition from the “Loss of synchronization” state RSY is sent.

Test

This “Test” mode is entered when the unconditional commands RES, SSP, Pin-RES or
Pin-SSP are used. It is left when the pins RESQ and TSP are inactive and the C/I-
channel code DR is received. The output signals are as follows:
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— when the C/I-channel code RES or RES1 is applied or when the pin RESQ is
activated:
SLO and DEAC

— when the C/I-channel code SSP is applied or when the pin TSP is activated:
single pulses (SP) and DEAC

In this state the Quad IEC DFE-Q does not react to the receipt of a wake-up signal TN.

Transparent

This “Transparent” state corresponds to the fully active state in the case of a normal
activation for call control. It may also be entered in the case of a loop-back 2 if the NT
issues ACT = 1 or in case of a single-channel loop-back in the NT. The LT-side is
informed that the status “ready for sending” is reached (indication Al). If the NT-side
loses transparency (receipt of ACT = 0), the LT-side is informed by making use of the C/
I-channel indication EI2, but no state change is performed. If the S/T-interface is
deactivated (SAI = (0) & ACT = (0)), the device is transferred to the S/T deactivated state.

Wait for TN

In “Wait for TN” the Quad IEC DFE-Q waits for a response (tone TN from the NT or tone
TL in case of an analog loop-back) to the transmission of the wake-up signal TL. If no
response is received within T3, the state is left for re-transmission of a wake-up tone TL.
This procedure is repeated until the detection of tone TN or until expiry of timer T1. In
this case the C/I-channel indication EI3 is issued, but no state change is performed.

2.10 Maintenance Functions

This chapter summarizes all features provided by the Quad IEC DFE-Q to support
maintenance functions and system measurements. Three main groups may be
distinguished:

— maintenance functions to close and open test loop-backs
— features facilitating the recognition of transmission errors
— test modes required for system measurements

A fourth group yields information about the access to internal chip data. As a use of this
feature requires very detailed knowledge about the internals of the Quad IEC DFE-Q,
only in few cases these informations will be of practical relevance to the user.

2.10.1 Test Loop-Backs

Test loop-backs are specified by the national PTTs in order to facilitate the location of
defect systems. Four different loop-backs are defined. The position of each loop-back is
illustrated in figure 46.
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Test Loop-Backs

Loop-backs #1, #1A and #2 are controlled by the exchange. Loop-back #3 is controlled
by the terminal. All four loop-back types are transparent. This means all bits that are
looped back will also be passed onwards in the normal manner.

The next sections describe how loop-backs #1 and #2 are closed and opened using the
C/I- and MON-commands available to the Quad IEC DFE-Q. Loopback #1A and #3 are
not in the scope of the Quad IEC DFE-Q.

2.10.1.1 Analog Loop-Back (No.1/ No. 1a/ No. 3)

Loop-back #1 is initiated by the Quad IEC DFE-Q . It is closed by the ESCCB8 as near to
the U-interface as possible. For this reason it is also called analog loop-backs. All analog
signals will still be passed on to the U-interface. This results in the opposite station to be
activated as well.

Before an analog loop-back is closed with the C/l-command ARL (activation request
loop-back), the device must have been reset.

In order to open an analog loop-back correctly, reset the device into the TEST state with
the C/I-command RES (or by pin reset). This ensures that the echo coefficients and
equalizer coefficients will converge correctly when activating the following time.

The example below demonstrates the use of loop-backs #1.

Loop-back #1 (LT-side)
NT IOM-2 LT IOM-2
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<emmmm C/IDC (1111b) C/I DI (1111b) - >
C/IARL  (1010b) <-meee- ; Close loop-back #1
<-mmee- C/Il AR (1000b) C/ll AR (1000b)  ------ > ; Activation proceeds in NT
C/ARM (1001b)  ------ > ;and LT
C/I UAI (0111b)  ------ > ; Activation complete,
; #1 closed
C/IRES (0001b) <--mme- ; Open loop-back #1,
; reset the Quad IEC DFE-Q
Function

The analog loop may be closed in three different locations: in the LT (No.1), in the
repeater (No. 1a), and in the NT-PBX or TE (No.3) see Fig. 36. The loop is closed at the
U-interface. The 6 dB range attenuation in the ESCCS8 is active. Only loop #1 and 1A are
supported by the Quad IEC DFE-Q.

Initialization

Before loops No.1, No.1A or No. 3 may be closed, a master reset is required. Loops No.
1land No. laare closed in the “Deactivated” state. Loop No. 3 is started from the “Test”
state. All analog loops are closed with the C/I-command ARL. This command must be
issued continuously while the loop-back is required.

Transparency

Only the internal loop-back signal is processed; signals on the receive pins are ignored.
For this reason the device stays in the “Line Active” state for loops No. 1 and No. la
(upstream ACT-bit cannot be received).

All transmitted signals (IOM —> U) are passed on to the U-interface transparently.
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2.10.1.2 Partial and Complete Loop-Back (No. 2)

For loop-back #2 several alternatives exist. Both the type of loop-back and the location
may vary. Three loop-back types belong to the loop-back-#2 category:

— Complete loop-back
— Bl-channel loop-back
— B2-channel loop-back

The complete loop-back comprises both B-channels and the D-channel. It may be closed
either in the NT IEC-Q itself or in a downstream device. Single-channel loop-backs are
always performed within the IEC-Q at the NT side. In this case the digital data of DOUT
will be directly fed back into DIN. This also applies if the complete loop-back is closed in
the NT IEC-Q.

Normally loop-back #2 is controlled from the exchange. The EOC monitor commands
LBBD, LB1 and LB2 are used. They will be recognized and executed automatically in the
NT IEC-Q if the auto-mode is selected. Alternatively (e.g. when NT operates in
transparent mode) MON-8-commands are available. Refer to the PEB 2091 user’s
manual for further details on the operation of NTs.

All loop-back functions are latched. This allows channel B1 and channel B2 to be looped
back simultaneously. All loop-backs are opened when the EOC command RTN or the
MON-8-command NORM is sent.

2.10.1.2.1 Complete Loop-Back

When receiving the EOC-command LBBD in auto-mode, the NT IEC-Q does not close
the loop-back immediately. Because the intention of this loop-back is to test the complete
NT, the IEC-Q passes the complete loop-back request on to the next downstream device
(e.g. SBCX). This is achieved by issuing the C/I-code AIL in the “Transparent” state or
C/l = ARL in states different than “Transparent”. If the downstream device is not able to
close the complete loop-back, a MON-8-message LBBD may be returned to the NT IEC-
Q. This then will close the complete loop-back within the IEC-Q itself (B1 + B2 + D-
channels). All remaining IOM-information (monitor, C/I-channel as well as the bits MR
and MX) are still read from the IOM-2-interface. For this reason it is still possible for a
layer-2 device to deactivate the NT despite the fact that the loop-backs are controlled by
the exchange.

Figure 47 illustrates these two options.
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C/l = AIL/ARL U

SBCX [« r- IEC-Q
2B+D 12B+D
2 pl Ly  Auto—Mode

EOC = "LBBD"

MON-8 "LBBD"

ICC

ITD04219

Figure 47
Complete Loop-Back Options in the NT

Note: If operated in auto-mode, the complete loop-back can only be closed in the IEC-
Q if previously the EOC-command LBBD was received. Without this EOC-
message the MON-8-command LBBD will be ignored.

If operated in transparent mode, a complete loop-back may be closed at any
time with MON-8 LBBD.

Complete Loop-Back in NT-Auto-Mode:

In auto-mode the complete loop-back is reset after RTN has been received in the EOC-
channel. In transparent mode MON-8 NORM is used for this purpose. No reset as for
loop-backs #1 or #3 is required for loop-back #2. The line is active and ready for data
transmission.

The typical procedure for closing and opening a complete loop-back is demonstrated in
the examples below.

NT IOM-2 LT IOM-2
C/Il AR (1000b) <------ ; U-interface is activated
<--m--- C/I AR (1000b) C/l UAI (0111b) ------ > ; without terminal
; confirmation
(------ > C/l Al (1100b) ; or with
<--mee- C/l Al (1100b) C/l Al (1100b)  ------ > ; terminal confirmation)
MON-0 LBBD (50y) <------ ;Close complete loop (EOC)
<------ C/I AIL (1110b) ; Request for downstream
<-ommem MON-0 LBBD (504) ; device to close complete
; loop-back
MON-0 LBBD (50y) ------ > ; Receive acknowledgment
------ > [MON-8 LBBD (F1y)] ; If downstream device can’t
; close, loop is closed in IEC
MON-0 RTN (FFR) S ; Open all loop-backs
<-mmmm MON-0 RTN (FF) ; All loop-backs opened
MON-0 RTN (FFy)  -—--—-- > ; Receive acknowledgment
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In the above example the LT is operated in auto-mode.

Complete Loop-Back in Transparent NT-Mode:

NT IOM-2 LT IOM-2

------ > C/l Al (1100b) C/l AR (1000b) <------ ; U-interface is activated
<emmmem C/l Al (1100b) C/l Al (1100b)  ------ >

MON-0 LBBD (504) <------ ; Close complete loop (EOC)
S — MON-0 LBBD (504) ; Request passes DFE-Q

; transparent

------ > MON-0 LBBD (504) MON-0 LBBD (504) ------> ; Transmit acknowledgment
______ > MON-8 LBBD (F1) ; Close complete loop in IEC

MON-0 RTN (FFy) <-mee- ; Request to open all loops
------ > MON-0 RTN (FFp) MON-0 RTN (FFR) ------> ; Receive acknowledgment
______ > MON-8 NORM (FFy) ; Open all loop-backs

In the above example the LT is operated in auto-mode.

2.10.1.2.2 Single-Channel Loop-Backs

Single-channel loop-backs are always performed directly in the NT IEC-Q. No difference
between the B1-channel and the B2-channel loop-back control procedure exists. They
are therefore discussed together.

In auto-mode the Bl-channel is closed with the EOC-command LB1. LB2 causes the
channel B2 to loop-back. Because these functions are latched, both channels may be
looped back simultaneously by sending first the command to close one channel followed
by the command for the remaining channel.

Single-channel loop-backs are resolved in the same manner as described for the
complete loop-back. The NT may be deactivated with layer 2 while single loop-backs are
closed.

Single-Channel Loop-Back in NT-Auto-Mode:

NT IOM-2 LT IOM-2

------ > C/l Al (1100b) C/Il AR (1000b) <------ ; U-interface is activated
<emmmmm C/l Al (1100b) C/l Al (1100b)  ------ >

MON-0 LB1 (51R) <-mmmem ; Close B1 loop (EOC)
<-emme- MON-0 LB1 (51y) ; Loop B1 closed

MON-0 LB1 (514)  -—--—-- > ; Receive acknowledgment

MON-0 LB2 (524) <-mmmem ; Close B2 loop-back (EOC)
<emmee- MON-0 LB2 (524) ; Loop-back B1 and B2

; closed

MON-0 LB2 (524)  ------ > ; Receive acknowledgment

MON-0 RTN (FFR) <-mmmem ; Open all loop-backs
<-omme- MON-0 RTN (FFy) ; All loop-backs opened

MON-0 RTN (FF})

Semiconductor Group 115

; Receive acknowledgment

12.97



SlEMENS PEB 24911
PEF 24911
In the above example the LT is operated in auto-mode.
Single-Channel Loop-Back in NT-Transparent Mode:
NT IOM-2 LT IOM-2
------ > C/l Al (1100b) C/l AR (1000b) <------ ; U-interface is activated
<ammem C/I Al (1100b) C/l Al (1100b) ------ >
MON-0 LBBD (51y) <------ ; Close B1 loop (EOC)
<-ommem MON-0 LB1 (51) ; Request passes DFE-Q
; transparent
------ > MON-0 LB1 (51) MON-0 LBBD (51y) ------> ; Transmit acknowledgment
------ > MON-8 LB1 (F4y) ; Close B1 loop in IEC
MON-0 LBBD (52) <------ ; Close B2 loop (EOC)
<-mmme- MON-0 LB2 (524) ; Request passes DFE-Q
; transparent
------ > MON-0 LB2 (52,) MON-0 LB2 (52) ------> ; Transmit acknowledgment

...... > MON-8 LB2 (F2y)

...... > MON-0 RTN (FFy)

------ > MON-8 NORM (FFy)

; Close B2 loop in IEC
; B1 and B2 closed
MON-0 RTN (FFy) <---ee- ; Request to open all loops
MON-0 RTN (FFy)  ------ > ; Receive acknowledgment
; Open all loop-backs

In the above example the LT is operated in auto-mode.

For a quick reference the key characteristics of the ,Partial and Complete Loop-Back"
are summarized on the following pages.
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Function

Loop No. 2 comprises three options: Loop-back of channel B1 only, loop-back of channel
B2 only or loop-back of channels B1 + B2 + D (complete loop). Loop-backs of channels
B1 or B2 are always performed in the Quad IEC DFE-Q itself. A complete loop may be
closed alternatively in the Quad IEC DFE-Q or in the downstream device. When issuing
several commands all commands will be executed simultaneously i.e. channel B1 and
channel B2 can be looped-back at the same time.

All loop variations are closed as near to the IOM-interface as possible.

Initialization

The procedure for closing loop No. 2 differs, depending on the selected processing
mode.

Auto-Mode

Single-channel loop-backs are closed from the LT-side with the MON-0-commands
“LB1” (channel B1) and “LB2” (channel B2). Due to the automatic acknowledgment in
auto-mode, the EOC-message will be mirrored back immediately by the NT as a
confirmation.

Note: This confirmation is issued before the loop-back function is initialized. Therefore it cannot be
regarded as an acknowledgment that the loop-back function was started correctly.

Initialization
MON-0 LB1 Close loop-back in B1-channel
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1

Acknowledgment (issued on LT- and NT-side)

MON-0 LB1 Close loop-back in B1-channel
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 1
Initialization
MON-0 LB2 Close loop-back in B2-channel
0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0

Acknowledgment (issued on LT- and NT-side)

MON-0 LB2 Close loop-back in B2-channel
0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 0
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Complete loops are closed with a single MON-0-command from LT-side (loop-back not
in Quad IEC DFE-Q itself) or a combination of MON-0 (LT-side) and MON-8 (NT-side)
commands. Refer to section 2.10.1 “Complete Loop-Back”. With respect to the
command acknowledgment received, the aforesaid applies to complete loop requests,
too.

Close complete loop not in Quad IEC DFE-Q
Initialization (LT-side)

MON-0 LBBD Close loop-back 2B + D
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

Acknowledgment (issued on LT- and NT-side)

MON-0 LBBD Close loop-back 2B + D
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

Close complete loop in Quad IEC DFE-Q
Initialization (LT-side)

MON-0 LBBD Close loop-back 2B + D
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

Acknowledgment (issued on LT- and NT-side)

MON-0 LBBD Close loop-back 2B + D
0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

Close loop in IEC-Q (NT-side)

MON-0 LBBD Close loop-back 2B + D
1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1

Transparent Mode

Single-channel and complete loop-backs are closed from the NT-side with the MON-8-
commands “LB1” (channel B1), “LB2” (channel B2), and “LBBD” (2B + D). This is only
possible if the device is operating in transparent mode. In auto-mode the commands will
be ignored (with the exception “LBBD”; see auto-mode above). Normally MON-8-looping
commands are used in response to an EOC-loop-back request (MON-0-message).
Initialization (NT-side)

No acknowledgment issued.
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MON-8 LB1 Close loop-back in B1-channel
1 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0
Initialization (NT-side)
MON-8 LB2 Close loop-back in B2-channel
1 0 0 0 0 0 0 0 1 1 1 1 0 0 1 0
No acknowledgment issued.
Initialization (NT-side)
MON-8 LBBD Close loop-back in 2B + D
1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 1

No acknowledgment issued.

Transparency

Except for the channels looped-back, all IOM-data received on DIN is passed
transparently upstream. This allows a deactivation of the NT despite of closed test loop-
backs.

Data sent downstream will be passed on completely (independent of closed loop-backs)
to the IOM-interface (DOUT).

2.10.1.3 Repeater Loop-Back (No. 1A)

Loop-back #1A is always closed in the repeater. Functionally it corresponds to loop-
backs #1 and #3 on the exchange and on the network side. If a line contains more than
one repeater unit, it is possible to address each unit individually in order to close loop-
back #1A in the specified unit only.

For loop-back #1A everything described in section 3.3.1 (Analog Loop-Back) applies:
The loop-back is opened with the C/I-command RES, closed with the C/I-command ARL,
and it is closed as near to the U-interface as possible. The difference results from the
fact that the command ARL needs to be generated by the repeater control unit (uP
system or ASIC) according to national repeater specifications.

This specification defines an EOC-command which will activate loop-back #1A if
received in conjunction with the repeater address (001b). The NT-RP is operating in
transparent mode. The repeater control unit watches for MON-0-commands with
address (001b). If the predefined loop-back #1A command is received, the repeater
control unit sends the C/I-code ARL to the LT-RP and loop-back #1A will be closed.

Semiconductor Group 119 12.97



SIEMENS PEB 24911

PEF 24911

In case the address (000b) or (111b) (NT and broadcast address) is received, the control
unit ignores all MON-0-commands and leaves the address unchanged.

Should the address read (010b) to (110b), the MON-0-command will be ignored but the
address will be decremented. This procedure is described in section 2.1.3.2 (EOC-
Programming) and allows individual repeater addressing.

Figure 48 illustrates this in a system with two repeater units where the second unit is
requested to close loop-back #1A.

Repeater No.2 Repeater No.1
U U U
LT NT LT NT
NT 55— RP WP RP —S5— RP uP RP —S5— LT
i Adr =1 Adr=2 EOC Adr=2
F1A Eﬂ = ARL (P)

Adr=0 Adr=20 Adr=0 EOC Command = LBBD
42 E/I = AlL 1TD04220

Figure 48
Closing Loop-Back #1A in a Multi-Repeater System
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2.10.2 Block Error Counters

The Quad IEC DFE-Q provides internal counters for far-end and near-end block errors.
This allows a comfortable surveillance of the transmission quality at the U-interface. In
addition, MON-messages indicate the occurrence of near-end errors, far-end errors, and
the simultaneous occurrence of both errors.

A block error is detected each time when the calculated checksum of the received data
does not correspond to the control checksum transmitted in the successive superframe.
One block error thus indicates that one U-superframe has not been transmitted correctly.
No conclusion with respect to the number of bit errors is therefore possible.

The following two sections describe the operation of near and far-end block error
counters as well as the commands available to test them.

2.10.2.1 Near-End and Far-End Block Error Counter

A near-end block error (NEBE) indicates that the error has been detected in the receive
direction (i.e. NEBE in the NT = LT => NT error). This will be indicated with a MON-1-
message NEBE in all NT-modes as well as the LT-RP-mode. Each detected NEBE-error
increments the 8-bit NEBE-counter. When reaching the maximum count, counting is
stopped and the counter value reads (FFp).

The current value of the NEBE counter is read in both LT- and NT-modes with the MON-
8-command RBEN. The response comprises two bytes: the first byte always indicates
that a MON-8-message is replied to (80y), the second represents the counter value
(00y) ... (FF). Each read operation resets the counter to (00y).

A far-end block error identifies errors in transmission direction (i.e. FEBE in the NT = NT
=> L T-error). FEBE errors are processed in the same manner as NEBE-errors. A far-end
block error will be indicated with a MON-1-message FEBE (NT-modes and LT-RP). The
FEBE counter is read and reset with the MON-8-command RBEF.

In case both, far-end and near-end block errors occur simultaneously, the MON-1-
message FNBE will be issued in all NT-modes and the LT-RP-mode.
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Near-End Errors

Definition

A near-end block error indicates errors that occurred in the receive direction, i.e.
NEBE (LT-side)error during transmission from NT to LT

NEBE (NT-side)error during transmission from LT to NT

A near-end block error is detected when the calculated check-sum of the received U-
superframe does not correspond to the check-sum sent in the following U-superframe.

Indications

Each detected NEBE will cause the following indications:

NEBE counter will be incremented (maximum count is FFy, no further incrementation
after maximum count is reached)

U-maintenance bit “FEBE” is set to zero in the next U-superframe (for a duration of one
superframe)

Read Out and Reset
The counter value may be read out with a MON-8-command

MON-8 RBEN Read Block Errors Near-end
1 0 0 0 0 0 0 0 1 1 1 1 1 0 1 1
MON-8 ABEN Answer Block Errors Near-end
1 0 0 0 0 0 0 0 C7|C6|C5|C4|C3|C2|C1]|CO
Co0...CT7: 8-bit counter value

Each read operation resets the NEBE-counter to 004. The counter is also reset in all
except the following states:

Line Active

Pend. Transparent
Transparent

S/T Deactivated

Semiconductor Group 122 12.97



SIEMENS PEB 24911

PEF 24911

Far End Errors
Definition
A far-end block error indicates errors that occurred in the transmit direction, i.e.

— FEBE (LT-side)error during transmission from LT to NT

A far-end block error is detected when the U-maintenance bit “FEBE” is set to zero.
Indications
Each detected FEBE will cause the following indications:

— FEBE-counter will be incremented (maximum count is FFy, no further incrementation
after maximum count is reached)

Read Out and Reset
The counter value may be read out with a MON-8-command

MON-8 RBEF Read Block Errors Far-end

1 0 0 0 0 0 0 0 1 1 1 1 1 0 1 0
MON-8 ABEN Answer Block Errors Far-end

1 0 0 0 0 0 0 0 C7r|C6|C5|C4|Cc3|C2|C1]|CO

CO0 ... C7: 8-bit counter value

Each read operation resets the FEBE-counter to 00y. The counter is also reset in all
except the following states:

Line Active

Pend. Transparent
Transparent

S/T Deactivated

The following section illustrates how block error counters can be tested.
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2.10.2.2 Testing Block Error Counters

Figure 49 illustrates how near- and far-end block error counters can be tested.
Transmission errors are simulated with artificially corrupted CRCs. With two commands
the cyclic redundancy checksum can be inverted. A third command offers to invert single
FEBE-bits.

MON-8 CCRC causes the Quad IEC DFE-Q to permanently transmit inverted CRCs.
This command may be used on LT-side with the LT in transparent or auto-mode.

With the MON-8-command SFB it is possible to invert single FEBE-bits. Because this
command does not provoke permanent FEBE-bit inversion but sets only one FEBE-bit
to (0) per SFB command, it is possible to predict the exact FEBE-counter reading.

Note:The main application for setting single FEBE-bits are repeater stations not
operating in the LT-RP- or NT-RP-mode).

With CCRC issued on LT-side, near-end block errors will be observed at the NT and far-
end errors are noticed at the LT.

After RCC is issued on the LT-side (NT in auto-mode), near-end block errors will be
registered on the LT-side.

With the MON-0-command NCC issued on LT-side the NEBE-detection can be disabled
depending on the NT-mode selected:

Auto-mode NEBE-detection stopped, no MON-1 NEBE-
messages and NEBE-counter disabled
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Transparent mode NEBE-detection enabled, MON-1-message NEBE
issued and NEBE-counter enabled
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P (MON-0) NCC P P EOC:NCC P (MON-0) NCC
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DETECT Start Inverse
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(MON-8) CCRC CRC Bits
————» —»— — >
(MON-1) FEBE ggii? " FEBE="0"
-« —— <
COUNT
777777 NEBE [— —*
‘(MON—O) RN | L P EQC:RTN ‘(MON—O) RTN
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ITD04226

Figure 49

Block Error Counter Test
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The following commands are available for testing block error counters:

Notify of Corrupt CRC

Initialization (LT-side)

MON-0 NCC Notify of Corrupt CRC
0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0

Acknowledgment (NT- and LT-side)

MON-0 NCC Notify of Corrupt CRC
0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0

Request Corrupt CRCs
Function

Requests the NT-side (in auto-mode) to transmit corrupted (i.e. inverted) CRCs
upstream to test the LT NEBE-counter.

Initialization (LT-side)

MON-0 RCC Request of Corrupt CRC
0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1

Acknowledgment (NT- and LT-side)

MON-0 RCC Request of Corrupt CRC
0 0 0 0 0 0 0 1 0 1 0 1 0 0 1 1

Return to Normal

Function

Disables all previously sent EOC-commands.
Initialization (LT-side)

MON-0 RTN Return to Normal
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1

Acknowledgment (NT- and LT-side)

MON-0 RTN Return to Normal
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1
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Corrupt CRCs
Function

Requests the device to transmit corrupted (i.e. inverted) CRCs. In auto- and transparent
mode of LT-modes the command will be executed directly.

Initialization:
MON-8 CCRC Corrupt CRC
1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0

No acknowledgment will be issued.

Normal
Function

Disables all previously sent MON-8 latching commands..

Initialization:
MON-8 NORM Normal
1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

No acknowledgment will be issued.
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2.10.3 Test Modes and System Measurements

With a number of operational modes the Quad IEC DFE-Q supports system
measurements. These modes along with the most frequently needed system
measurements are described in the following sections.

2.10.3.1 Single-Pulses Test Mode

In the single-pulses test mode, the Quad IEC DFE-Q transmits to the U-interface
alternating + 3 pulses spaced by 1.5 ms. Three options exist for selecting the “Send-
Single-Pulses” (SSP) mode:

— hardware selection:RESQ =1& TSP =1
— software selection:C/l = SSP (0101g)
— selection by TAP-controller command (1010g)

All methods are fully equivalent with the exception that a hardware selection and TAP-
controller command impact all four channels, while the software selection only impacts
the chosen channel. In the SSP-mode the C/I-code transmitted by the Quad IEC DFE-Q
is DEAC.

The SSP-test mode is required for pulse mask measurements.

2.10.3.2 Data-Through Mode

When selecting the data-through mode, the Quad IEC DFE-Q is forced directly into the
“Transparent” state. This is possible from any state in the state diagram.

The Data-Through option (DT) provides the possibility to transmit a standard scrambled
U-signal even if no U-interface wake-up protocol is possible. This feature is of interest
when no counter station can be connected to supply the wake-up protocol signals.

As with the SSP-mode, three options are available.

— hardware selection:RESQ =0& TSP =1
— software selection:C/I = DT (0110g)
— TAP-controller command (1001g)

Compared with the software selection, a hardware selection and a TAP command offer
the option to initiate Quad IEC DFE-Q actions via C/I-code (e.g. analog loop-back with
C/l = ARL). All methods are fully equivalent with the exception that a hardware selection
and TAP-controller command impact all four channels, while the software selection only
impacts the chosen channel.

The DT-mode is required for power spectral density and total power measurements.
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2.10.3.3 Master-Reset Mode

The master-reset mode characterizes the mode where the Quad IEC DFE-Q does not
transmit any signals. The chip is in the “Test” state. All echo canceller and equalizer
coefficients are reset. As can be seen from the state diagram, no activation is possible

when the device is in the “Test” state.

For measurements two methods are recommended in order to transfer the Quad IEC

DFE-Q into the master-reset mode:

— hardware selection:RESQ=0& TSP =0
— software selection:C/I = RES (0001g)

Both alternatives are fully compatible with the exception that a hardware reset impacts

all four channels, while the software reset only impacts the chosen channel.

The C/I-code transmitted by the Quad IEC DFE-Q in the “Test” state is DEAC.

The master-reset test mode is used for the return-loss measurements.

2.10.3.4 Pulse Mask Measurement

— Pulse mask is defined in ANSI T1.601 1991 and ETSI ETR080 1993
— U-interface has to be terminated with 135 Q

— Quad IEC DFE-Q is in “Single-Pulses” mode (see section 2.10.3.1)
— Measurements are done using an oscilloscope

2.10.3.5 Power Spectral-Density Measurement

— PSD is defined in ANSI T1.601 1991 and ETSI ETR080 1993

— U-interface has to be terminated with 135 Q

— Quad IEC DFE-Q is in “Data-Through” mode (see section 2.10.3.2)
— For measurements a spectrum analyzer is employed

2.10.3.6 Total Power Measurement

— Total power is defined in ANSI T1.601 1991 and ETSI ETR080 1993
— Total power must be between 13 dBm and 14 dBm

— U-interface has to be terminated with 135 Q

— Quad IEC DFE-Q is in “Data-Through” mode (see section 2.10.3.2)

— Measurements are done using an 80 kHz high-impedance low-pass filter and true

RMS-voltmeter
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IEC DFE-Q I[EC AFE
1 Port 1 Port % Voltmeter
ITS06913
Figure 50

Total Power Measurement Set-Up

2.10.3.7 Return-Loss Measurement

— Return loss is defined in ANSI T1.601 1991 and ETSI ETR080 1993
— Quad IEC DFE-Q is in “Test” state (C/I = 0001 or/RESQ =0 & TSP =0)

— Measure complex impedance “Z” from 14 kHz — 200 kHz
— Calculate return loss with formula:

RL(dB) = 20log (abs((Z + 135) / (Z —135)))

2.10.3.8 Quiet Mode Measurement

— Quiet mode is defined in ANSI T1.601 1991 and ETSI ETR080 1993
— Quad IEC DFE-Q is in the “Test” state (C/l = 0001 or/RESQ =0 & TSP =0)
— Trigger and exit criteria have to be realized externally

2.10.3.9 Insertion Loss Measurement

— Insertion loss is defined in ANSI T1.601 1991 and ETSI ETR080 1993
— Quad IEC DFE-Q is in “Data-Through” mode (see section 2.10.3.2)
— Trigger and exit criteria have to be realized externally
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2.10.4 Chip Internal Test Options

In addition to the features described in the previous sections, the Quad IEC DFE-Q
permits limited access to internal test procedures and internal data.

2.10.4.1 Coefficient Values
Some of the internal chip registers can be read via MON-8-messages.

Of interest to the user are the values of the coefficients for equalizer and echo canceller.
This information will however only proof useful if a detailed, theoretical chip knowledge
exists.

Registers are read by sending a two-byte MON-8-message. The first byte identifies the
command as an internal register access, the second addresses the register. The 16-bit
register value is returned in two messages of two bytes each.

For a quick reference the key characteristics of Chip Internal Test Options are
summarized on the following lines:

Function

Internal data is partly available in internal registers. These registers are read by sending
a two-byte MON-8-message. The first byte identifies the command as an internal register
access, the second byte addresses the register.

Table 24 shows the address range for equalizer (26 coefficients) and echo canceller
coefficients
(36 coefficients).

Initialization
Read request

MON-8 (1. Byte) 1000 1000 ; Selectregister access
(2. Byte) aaaa aaaa ; Coefficientaddress

For each requested coefficient 16 bit are returned in the following manner

MON-8 (1.Byte) 1000 1000
(2.Byte) dddd dddd :Data bits DO—D7%
(3.Byte) 1000 1100
(4.Byte) dddd dddd :Data bits D8 — D15

Note: Y Binary complement format (FFFF =-1d)
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Table 24
Internal Coefficient Addresses
Register Address Range (decimal) 1. Filter Coefficient
Echo Canceller 6..41 41
Equalizer 44 ... 69 69

2.10.4.2 Test Pins

Three test pins, TP (pin 62), TP1 (pin 63) and TPD (pin 16) exist. All test pins are used
for Siemens internal testing only and have no relevance to the user. For a correct
operation of the Quad IEC DFE-Q, these pins should be connected to ground (GND).
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2.11 Boundary Scan Test Controller

The Quad IEC DFE-Q provides a boundary scan support for a cost effective board
testing. It consists of:

—Complete boundary scan for 49 signals (pins) according to IEEE Std. 1149.1
specification

—Test access port controller (TAP)

—Four dedicated pins (TCK, TMS, TDI, TDO)

—One 32-bit IDCODE register

—two additional test commands performing "send single pulses" and "data through"
modes

Boundary Scan

All pins except the power supply pins, the "not connected" pins and pins TDI, TDO, TCK,
TMS are included in the boundary scan.

Depending on the pin functionality one, two or three boundary scan cells are provided.
Note, that there are several pins, which for chip test are used as 1/O pins. Please refer
to section 1.4 whether these pins are inputs or outputs. However, they are included to
the boundary scan as 1/O pins with three scan cells

Table 25
Boundary Scan Cells.
Pin Type Number of Boundary Scan Usage
Cells
Input 1 input
Output 2 output, enable
I/0 3 input, output, enable

When the TAP controller is in the appropriate mode data is shifted into or out of the
boundary scan via the pins TDI/TDO using the 6.25 MHz clock on pin TCK.

The pins are included in the following sequence in the boundary scan:
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Table 26
Boundary Scan Sequence
Boundary Scan Pin Number Pin Name Type Number of
Number Scan Cells
TDI —>
1 63 TP1 1/O 3
2 62 TP I 1
3 61 CLS3 O 2
4 60 RESQ I 1
5 59 AUTO I 1
6 58 PBX I 1
7 56 TSP I 1
8 55 SLOT I 1
9 53 LT 1/O 3
10 52 CLS2 1/O 3
11 51 D3D I/O 3
12 50 D2D 1/O 3
13 48 D1D 1/O 3
14 47 DOD I/O 3
15 46 D3C 1/O 3
16 44 D2C 1/O 3
17 43 D1C 1/O 3
18 42 DOC I/O 3
19 40 D3B O 2
20 39 D2B O 2
21 37 D1B 0] 2
22 36 DSYNC 1/O 3
23 35 DOB O 2
24 34 D3A O 2
25 33 D2A O 2
26 31 D1A 0] 2
27 30 DOA O 2
28 29 CLSO O 2
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Boundary Scan Pin Number Pin Name Type INumber of
Number Scan Cells
TDI —>
29 28 STOO0 I 1
30 27 STO1 I 1
31 26 ST10 I 1
32 24 ST11 I 1
33 23 ST20 I 1
34 21 ST21 I 1
35 20 CLs1 O 2
36 19 ST30 I 1
37 18 ST31 1/O 3
38 17 SDX O 2
39 16 TPD I 1
40 15 DOUT 0] 2
41 14 DIN I 1
42 13 FSC 1/O 3
43 12 DCL 1/O 3
44 11 PDMO 1/O 3
45 10 PDM1 1/O 3
46 8 PDM2 I 1
47 7 PDM3 I 1
48 5 SDR 1/O 3
49 4 CL15 I 1

TAP Controller

The Test Access Port (TAP) controller implements the state machine defined in the
JTAG standard IEEE Std. 1149.1. Transitions on the pin TMS cause the TAP controller
to perform a state change.

Following the standard definition 7 instructions are executable. Additionally, there are
two specific test instructions.
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Table 27
TAP controller instructions:
Code Instruction Function
0000 EXTEST External testing
0001 INTEST Internal testing
0010 SAMPLE/PRELOAD Snap-shot testing
0011 IDCODE Reading ID code

01XX reserved

1000 reserved

1001 DT Data through

1010 SSP Send single pulses
1011 reserved

11XX BYPASS Bypass operation

EXTEST is used to examine the board interconnections.

When the TAP controller is in the state "update DR", all output pins are updated with the
falling edge of TCK. When it has entered state "capture DR" the levels of all input pins
are latched with the rising edge of TCK. The in/out shifting of the scan vectors is typically
done using the instruction SAMPLE/PRELOAD.

INTEST supports internal chip testing.

When the TAP controller is in the state "update DR", all inputs are updated internally with
the falling edge of TCK. When it has entered state "capture DR" the levels of all outputs
are latched with the rising edge of TCK. The in/out shifting of the scan vectors is typically
done using the instruction SAMPLE/PRELOAD.

Note: 0001 (INTEST) is the default value of the instruction register.

SAMPLE/PRELOAD provides a snap-shot of the pin level during normal operation or is
used to preload (TDI) / shift out (TDO) the boundary scan with a test vector. Both
activities are transparent to the system functionality.
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IDCODE Register

The 32-bit identification register is serially read out via TDO. It contains the version
number (4 bits), the device code (16 bits) and the manufacturer code (11 bits). The LSB
Is fixed to "1".

Version Device Code Manufacturer Code Output
0010 0000 0000 0010 1001 0000 1000 001 1 ->
TDO

Note:In the state "test logic reset" the code "0011" is loaded into the instruction code
register.

BYPASS, a bit entering TDI is shifted to TDO after one TCK clock cycle, e.g. to skip
testing of selected ICs on a printed circuit board.

SSP does the same as setting the pins TSP and RESQ in SSP-mode. Single alternating
pulses are issued to the ESCC8 on all ports via the SDX pin.

DT sets the device in "data through" mode. The function is exactly as if data through
were set with the TSP pin and the RESQ pin.
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Electrical Characteristics

3 Electrical Characteristics

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit

Ambient temperature under bias: PEB Ta 0to 70 °C
PEF - 4010 85

Storage temperature Tag -651t0 125 °C

Voltage on any pin with respect to ground Vs -04t0Vy,,+04 |V

Maximum voltage on any pin Vimax 6 \%

Note: Stresses above those listed here may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

Maximum ratings are absolute ratings; exceeding only one of these values may
cause irreversible damage to the integrated circuit.

3.1 Static Characteristics
Vpp =4.751t0 5.25V

Parameter Symbol Limit Values Unit | Test Condition
min. max.

High-level input voltage ViH 2.0 Vpp+0.3 |V

Low-level input voltage Vi 0.8 \

Low-level input leakage current I -1 HA V, = GNDY

High-level input leakage current Iy 1 HA V, = vDDY

Low-level leakage current pull up pins | I;7 -500 HA V,= GNDY

High-level output voltage (except Von1 2.4 \Y lopr = 0.4 mA

DOUT, relay driver pins DOA .. D3D)

High-level output voltage for DOUT | Vgon» 3.5 \Y lopp = 6 MAD

High-level output voltage for relay Vons 2.4 \Y lons=2.0mA YD

driver pins DOA .. D3D

Low-level output voltage VoL 0.4 \Y loLy = 2 mAD

Low-level output voltage for DOUT | Vg5 0.5 Y% loLy = 7 mAD

Input capacitance Cin 10 pF

Note: ¥ Inputs at VDD/GND
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Electrical Characteristics

3.2 Dynamic Characteristics
Ambient temperature under bias range, Vpp =5V £ 5 %.

Inputs are driven to 2.4 V for a logical '1’ and to 0.4 V for a logical '0'.

Timing measurements are made at 2.0 V for a logical '1’ and at 0.8 V for a logical '0’.
The AC-testing input/output wave forms are shown below. The test load is 100pF, unless
otherwise indicated.

24V
20V 20V .
Device
Test Points Under
08V 08V Tt | == G 100pF
04V : : L
1TS09737
Figure 51

I/O-Wave Form for AC-Test
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IOM-2 Timing

In case the period of signals is stated the time reference will be at 1.4 V; in all other cases
0.8 V (low) and 2.0 V (high) thresholds are used as reference.

The dynamic characteristics of the IOM-2-interface is given infigure 52 where Detail “a”
of figure 11 is shown in more detail.

el ———————— TDCL —_—
frla—  —ff—-—
S\
j/ \\—/—\ \J
DCL
—— wa —— - fWL —
4
FSC —/ \
—— de -
-t
- furn
—  TqoF
DOUT pu Data Valid >{

— f4pe l— f,p —
DIN ﬁ Data Valid

N

Figure 52
IOM®-2 Timing of IOM-2 Interface (Detail)

Table 28
IOM®-2 Dynamic Input Characteristics
Parameter Signal Symbol Limit Values Unit
min. max.

Data clock rise/fall DCL t, 60 ns
Clock period TpheL 200 ns
Pulse width twH 53 ns
high/low twL 53 ns
Frame synch. rise/fall FSC t, t 60 ns
Frame setup tse 30 ns
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Electrical Characteristics

Parameter Signal Symbol Limit Values Unit
min. max.

Frame hold tyr ty — 30 ns

Frame width twEH 100 ns

high/low 1) toFL 2 x TpeL

Data sample delay DIN tsp tyn + 20 ns

Data hold tho 50 ns

Note: DThis is in accordance with the IOM-timing specification. For correct functional operation
the high period must be 1 x Tp, for superframe markers and at least 2 x Tpc, for non-
superframe markers.

Table 29
IOM®-2 Dynamic Output Characteristics
Parameter Signal | Symbol Limit Values Unit | Test Condition
min. typ. max.
Data delay/clock ) DOUT | typc 100 ns | C_ =150 pF
Data delay/frame ) DOUT | typr 150 ns |C_ =150 pF

Notes: 1) The point of time at which the output data will be valid is referred to the rising edges of
either FSC (pe) or DCL (t4pc ). The rising edge of the signal appearing last (normally
DCL) shall be the reference.
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Interface to the Analog Front End

SDX X X
tp { th
-
tdS tah
SDR : E E ><
PDM
0..3
Figure 53
Dynamic Input and Output Requirements at the Analog Interface
Table 30
Dynamic Input Characteristics
Parameter Signal Symbol Limit Values Unit
min. |typ. |max.
Clock period CL15 tew 65 ns
Pulse width CL15 th 25 ns
high/ low t) 25 ns
Data setup SDR tys 0 ns
PDMO..3 5
Data hold SDR tan 15 ns
PDMO..3 8
Table 31
Dynamic Output Characteristics
Parameter Signal | Symbol Limit Values Unit
min. |typ. |max.
SDX data delay SDX tp 28 ns
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LT to FSC timing in LT-PBX mode with DECT synchronization

, 125us ,
—
rsc [ | ] [ [ ]
|
| lLth !
|
|
| -
LT | t
' h 12ms v
Figure 54
LT to FSC timing
Table 32
LT to FSC timing
Parameter Limit Values Unit
min. max.
e -9 105 Vi
tm 115 230 Vi

Semiconductor Group 143 12.97



SIEMENS PEB 24911

PEF 24911

Electrical Characteristics

Boundary Scan Timing

/ \
AL X
fDIS fDIH
/ \
fDOD
TDO
[TT07144
Figure 55
Boundary Scan Timing
Table 33
Boundary Scan Dynamic Timing Requirements
Parameter Symbol Limit Values Unit
min. max.

test clock period trep 160 - ns

test clock period low trepL 70 - ns

test clock period high trepH 70 - ns

TMS set-up time to TCK tuss 30 - ns

TMS hold time from TCK tvsH 30 . ns

TDI set-up time to TCK tois 30 - ns

TDI hold time from TCK toIH 30 . ns

TDO valid delay from TCK tbop - 60 ns
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3.3 Power Supply

Supply voltages
Vpp =+5V+025V

Power Consumption
All measurements with random 2B + D data in active states.

Mode Test conditions Typ. values Max. values | Unit

Power-up 5.00 V, open outputs, 50 70 mA

all Channels ? inputs at Vpp /Vgg

Power-down 5.00 V, open outputs, 15 25 mA
inputs at Vpp /Vsg

Absolute Maximum Ratings

Parameter Symbol | Limit Values Unit
Supply voltage Vbp -0.3<Vpp<7.0 \Y
Input voltage V, -0.3<V,<Vpp+03(max.7) |V
Output voltage Vo -0.3<Vo<Vpp+03(max7) |V
Max. voltage between
different GND pins Vg + 250 mV
Max. voltage between
different VDD pins Vg + 250 mVv
Storage temperature Tsig — 6510125 °C
Ambient temperature
PEB 24911 Ta 0to 70 °C
PEF 24911 Ta —40to 85 °C
Thermal resistance
(system-air) Rnhsa |55 KIW
(system-case) Rnhsc |15 KIW

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.
Exposure to conditions beyond those indicated in the recommended operational conditions
of this specification may affect device reliability. This is a stress rating only and functional
operation of the device under those conditions or at any other condition beyond those
indicated in the operational conditions of this specification is not implied. It is not implied,
that more than one of those conditions can be applied simultaneously.
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4

AGC
ANSI
ARCOFI
ASIC
B

C/l
CCITT
CCRC
CLS
CNET
CO
CRC
D
DCL
DD
DIN
DOUT
DT
DU
EC
EOC
EOM
EPIC
ETSI
FEBE
FIFO
FSC
GND
HDLC
IDEC
IEC-Q
IOM-2
INFO
ISDN
ISW
LB
LBBD
LSB
LT
MON
MSB

Glossary

Glossary

Automatic gain control

American National Standardization Institute
Audio ringing codec filter

Application specific integrated circuit
64-kbit/s voice and data transmission channel
Command/Indicate (channel)

Comité Consultatif International des Téléphones et Télégraph
Corrupted CRC

Synchronizing clock

Centre Nationale d’Etudes des Telecommunications
Central office

Cyclic redundancy check

16-kbit/s data and control transmission channel
Data clock

Data downstream

IOM-data input

IOM-data output

Data through test mode

Data upstream

Echo canceller

Embedded operations channel

End of message

Extended peripheral interface controller
European Telephone Standards Institute
Far-end block error

First-in first-out (memory)

Frame synchronizing clock

Ground

High-level data link control

ISDN-D-channel exchange controller
ISDN-echo cancellation circuit conforming to 2B1Q-transmission code
ISDN-oriented modular 2nd generation
U-interface signal as specified by ANSI
Integrated services digital network

Inverted synchronization word

Loop back

Loop-back of B- and D-channels

Least significant bit

Line termination

Monitor channel command

Most significant bit
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MR
MX
NCC
NEBE
NT
oSl
PBX
PLL
PSD
PTT
PU
RCC
RMS
RP
SIT
SBCX
SICOFI
SLIC
SSP
S
TE
TL
TN
TP

U
uUTC
2B1Q

Glossary

Monitor read bit

Monitor transmit bit

Notify of corrupt CRC

Near-end block error

Network termination

Open systems interconnection
Private branch exchange

Phase locked loop

Power spectral density

Post, telephone, and telegraph administration
Power-up

Request corrupt CRC

Root mean square

Repeater

Two-wire pair interface

S/T-bus interface circuit extended
Signal processing codec filter
Subscriber line interface circuit
Send single pulses (test mode)
Synchronization word

Terminal equipment

Wake-up tone, LT side

Wake-up tone, NT side

Test pin

Single wire pair interface

Unable to comply

Transmission code requiring 80-kHz bandwidth
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Package Outlines

5 Package Outlines
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Figure 56
Package Outlines
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