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GENERAL DESCRIPTION

The XRT86VL3x is a 1.544 Mbit/s or 2.048 Mbit/s
DS1/E1/J1 framer and LIU integrated solution

featuring RS technology (Relayless, Reconfigurable,
Redundancy) that comes in a 2-channel, 4-channel,
or 8-channel package. The physical interface is
optimized with internal impedance, and with the
patented pad structure, the XRT86VL3x provides
protection from power failures and hot swapping.

The XRT86VL3x contains an integrated DS1/E1/J1
framer and LIU which provide DS1/E1/J1 framing and
error accumulation in accordance with ANSI/ITU_T
specifications. Each framer has its own framing
synchronizer and transmit-receive slip buffers. The
slip buffers can be independently enabled or disabled
as required and can be configured to frame to the
common DS1/E1/J1 signal formats.

Each Framer block contains its own Transmit and
Receive T1/E1/J1 Framing function. There are 3
Transmit HDLC controllers per channel which
encapsulate contents of the Transmit HDLC buffers
into LAPD Message frames. There are 3 Receive
HDLC controllers per channel which extract the
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payload content of Receive LAPD Message frames
from the incoming T1/E1/J1 data stream and write the
contents into the Receive HDLC buffers. Each framer
also contains a Transmit and Overhead Data Input
port, which permits Data Link Terminal Equipment
direct access to the outbound T1/E1/J1 frames.
Likewise, a Receive Overhead output data port
permits Data Link Terminal Equipment direct access
to the Data Link bits of the inbound T1/E1/J1 frames.

The XRT86VL3x fully meets all of the latest T1/E1/J1
specifications: ANSI T1/E1.107-1988, ANSI T1/
E1.403-1995, ANSI T1/E1.231-1993, ANSI T1/
E1.408-1990, AT&T TR 62411 (12-90) TR54016, and
ITU G-703, G794, G706 and G.733, AT&T Pub.
43801, and ETS 300 011, 300 233, JT G.703, JT
G.704, JT G706,.1431. Extensive test and diagnostic
functions \include Loop-backs, Boundary scan,
Pseudof{Random bit sequence (PRBS) test pattern
generation,\Performance Monitor, Bit Error Rate
(BER) meter, forced error insertion, and LAPD
uhechanhelized data payload processing according to
ITU-F standard Q.921.

Applications and Features (next page)
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APPLICATIONS

High-Density T1/E1/J1 interfaces for Multiplexers,
Switches, LAN Routers and Digital Modems

SONET/SDH terminal or Add/Drop multiplexers
(ADMs)

T1/E1/31 add/drop multiplexers (MUX)

Channel Service Units (CSUs): T1/E1/J1 and
Fractional T1/E1/J1

Digital Access Cross-connect System (DACS)
Digital Cross-connect Systems (DCS)

Frame Relay Switches and Access Devices
(FRADS)

ISDN Primary Rate Interfaces (PRA)
PBXs and PCM channel bank

T3 channelized access concentrators and M13
MUX

Wireless base stations

ATM equipment with integrated DS1 interfaces
Multichannel DS1 Test Equipment

T1/E1/31 Performance Monitoring

Voice over packet gateways

Routers

FEATURES

Independent, full duplex DS1 Tx and»Rx<Frametr/
LIUs

Two 512-bit (two-frame) elastic, storey, PC¥\ frame
slip buffers (FIFO) on TX ahd Rx\provide up to
8.192 MHz asynchronous back jplane.connections
with jitter and wander attenuation

Supports input PCM and signaling“data at 1.544,
2.048, 4.096 and 8.192 Mbits:0Also supports 4-
channel multiplexed 12.352/16.384 (HMVIP/H.100)
Mbit/s on the back plane bus

Programmable output clocks for Fractional T1/E1/
Ji

Supports Channel Associated Signaling (CAS)
Supports Common Channel Signalling (CCS)

Supports ISDN Primary Rate Interface (ISDN PRI)
signaling

Extracts and inserts robbed bit signaling (RBS)

3 Integrated HDLC controllers per channel for
transmit and receive, each controller having two
96-byte buffers (buffer 0 / buffer 1)

HDLC Controllers Support SS7
Timeslot assignable HDLC
V5.1 or V5.2 Interface

Automatic Performance Report Generation (PMON
Status) can be inserted into the transmit LAPD
interface every 1 second or for a single
transmission

Alarm Indication Signal with Customer Installation
signature (AIS-CI)

Remote Alarm {indication with Customer Installation
(RAI-CI)

Gapped Glock interface mode for Transmit and
Receivey

Intel/Motorela” and Power PC interfaces for
configuration, control and status monitoring

Parall€l)y, search for fast frame

synchronization

Wide chaice of T1 framing structures: SF/D4, ESF,
SLC®96, TIDM and N-Frame (non-signaling)

Direct access to D and E channels for fast
transmission of data link information

PRBS, QRSS, and Network Loop Code generation
and detection

algorithm

Programmable Interrupt output pin

Supports programmed /0O and DMA modes of
Read-Write access

Each framer block encodes and decodes the T1/
E1/J1 Frame serial data

Detects and forces Red (SAl), Yellow (RAI) and
Blue (AIS) Alarms

Detects OOF, LOF, LOS errors and COFA
conditions

Loopbacks: Local (LLB) and Line remote (LB)
Facilitates Inverse Multiplexing for ATM
Performance monitor with one second polling
Boundary scan (IEEE 1149.1) JTAG test port
Accepts external 8kHz Sync reference

1.8V Inner Core Voltage

3.3V /O operation with 5V tolerant inputs
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ORDERING INFORMATION

PART NUMBER PACKAGE OPERATING TEMPERATURE RANGE
XRT86VL38IB 420 Tape Ball Grid Array -40°C to +85°C
XRT86VL38IB484 484 Shrink Thin Ball Grid Array -40°C to +85°C
XRT86VL34IB 225 Plastic Ball Grid Array -40°C to +85°C
XRT86VL32IB 225 Plastic Ball Grid Array -40°C to +85°C
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1.0 GENERAL DESCRIPTION AND INTERFACE

XRT86VL3X

The XRT86VL3x supports multiple interfaces for various modes of operation. The purpose of this section is to
present a general overview of the common interfaces and their connection diagrams. Each mode will be
described in full detall in later sections of the datasheet.

NoTE: For a brief tutorial on Framing Formats, see Appendix A in the back of this document.

1.1 Physical Interface

The Line Interface Unit generates/receives standard return-to-zero (RZ) signals to the line interface for T1/E1/
J1 twisted pair or E1 coaxial cable. The physical interface is optimized by placing the terminating impedance
inside the LIU. This allows one bill of materials for all modes of operation reducing the number of external
components necessary in system design. The transmitter outputs only require one DC blocking capacitor of
0.68uF and a 1:2 step-up transformer. The receive path inputs only require one bypass capacitor of 0.1uF
connected to the center tap (CT) of the transformer and a 1:1 transformer. The receive CT bypass capacitor is
required for Long Haul Applications, and recommended for Short Haul Applications. Figure 2 shows the
typical connection diagram for the LIU transmitters. Figure 3 shows a.typical,connection diagram for the LIU
receivers.

FIGURE 2. LIU TRANSMIT CONNECTION DIAGRAM USING INTERNAL TERMINATION
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FIGURE 3. LIU RECEIVE CONNECTION\DIAGRAM USING INTERNAL TERMINATION
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1.2 =& Technology (Relayless / Reconfigurable / Redundanc )
Redundancy is used to introduce reliability and protection into network card design. The redundant card in
many cases is an exact replicate of the primary card, such that when a failure occurs the network processor

can automatically switch to the backup card. EXAR'’s =& technology has re-defined DS-1/E1/J1 physical
interface design for 1:1 and 1+1 redundancy applications. Without relays and one Bill of Materials, EXAR
offers multi-port, integrated Framer/LIU solutions to assist high density aggregate applications and framing

requirements with reliability. The following section can be used as a reference for implementing =& Technology
with EXAR’s world leading Framer/LIU combo.

1.2.1 Line Card Redundancy

Telecommunication system design requires signal integrity and reliability. When a T1/E1 primary line card has
a failure, it must be swapped with a backup line card while maintaining connectivity to a backplane without
losing data. System designers can achieve this by implementing common redundancy schemes with the
XRT86VL3x Framer/LIU. EXAR offers features that are tailored to redundancy applications while reducing the
number of components and providing system designers with solid referengé\designs.

1.2.2 Typical Redundancy Schemes
¢ 1:1 One backup card for every primary card (Facility Protection)
¢ 1+1 One backup card for every primary card (Line Protection)
¢ -N+1 One backup card for N primary cards

1.2.3 1:1 and 1+1 Redundancy Without Relays

The 1:1 facility protection and 1+1 line protection haverane backup-Card for every primary card. When using
1:1 or 1+1 redundancy, the backup card has its transmitters tri*stateéd and its receivers in high impedance. This
eliminates the need for external relays and provides-onebill of materials for all interface modes of operation.
For 1+1 line protection, the receiver inputs on the‘backup,card,have the ability to monitor the line for bit errors
while in high impedance. The transmit and receive sections©of the physical interface are described separately.

1.2.4 Transmit Interface with 1:1 and 1+1sRedundancy

The transmitters on the backup card should be‘tri-stated. Select the appropriate impedance for the desired
mode of operation, T1/E1/J1. A 0.68uF capacitoriis used in series with TTIP for blocking DC bias. See
Figure 4 . for a simplified block diagram of the transmit section for a 1:1 and 1+1 redundancy.

FIGURE 4. SIMPLIFIED BLOCK DIAGRAM, ©F THE TRANSMIT INTERFACE FOR 1:1 AND 1+1 REDUNDANCY
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1.25 Receive Interface with 1:1 and 1+1 Redundancy

The receivers on the backup card should be programmed for "High" impedance. Since there is no external
resistor in the circuit, the receivers on the backup card will not load down the line interface. This key design
feature eliminates the need for relays and provides one hill of materials for all interface modes of operation.
Select the impedance for the desired mode of operation, T1/E1/J1. To swap the primary card, set the backup
card to internal impedance, then the primary card to "High" impedance. See Figure 5. for a simplified block
diagram of the receive section for a 1:1 redundancy scheme.

FIGURE 5. SIMPLIFIED BLOCK DIAGRAM OF THE RECEIVE INTERFACE FOR 1:1 AND 1+1 REDUNDANCY
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1.3 Power Failure Protection

For 1:1 or 1+1 line card redundancy in T1/E1 applications, power failure could cause a line card to change the
characteristics of the line impedance, causing a degradation in system performance. The XRT86VL3x was
designed to ensure reliability during power failures. The LIU has patented high impedance circuits that allow
the receiver inputs and the transmitter outputs to be in "High" impedance when the LIU experiences a power
failure or when the LIU is powered off.

NoTe: For power failure protection, a transformer must be used to couple to the line interface. See the TAN-56 application
note for more details.

1.4 Overvoltage and Overcurrent Protection

Physical layer devices such as LIUs that interface to telecommunications lines are exposed to overvoltage
transients posed by environmental threats. An Overvoltage transient is a pulse of energy concentrated over a
small period of time, usually under a few milliseconds. These pulses are random and exceed the operating
conditions of CMOS transceiver ICs. Electronic equipment connecting to data lines are susceptible to many
forms of overvoltage transients such as lightning, AC power faults and ele¢trostatic discharge (ESD). There
are three important standards when designing a telecommunications system to withstand overvoltage
transients.

* UL1950 and FCC Part 68

¢ Telcordia (Bellcore) GR-1089

* ITU-T K.20, K.21 and K.41

NoTe: For a reference design and performance, contact yourlocal.Sales representative for more details.
15 Non-Intrusive Monitoring

In non-intrusive monitoring applications, the transmitters are shut off by setting TxON "Low". The receivers
must be actively receiving data without interfering with’the ine impedance. The XRT86VL3x's internal
termination ensures that the line termination Aneets\T1/EY/ specifications for 75Q, 100Q or 120Q while
monitoring the data stream. System integrity\iS maintained by placing the non-intrusive receiver in "High"
impedance, equivalent to that of a 1+1 redundaney application. A simplified block diagram of non-intrusive
monitoring is shown in Figure 6 .

FIGURE 6. SIMPLIFIED BLOCK DIAGRAM)OF,A NON-INTRUSIVE MONITORING APPLICATION
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1.6 T1/E1 Serial PCM Interface

XRT86VL3X

The most common mode is the standard serial PCM interface. Within this mode, only the serial data, serial
clock, frame pulse and multi-frame pulse are required for both the transmit and receive paths. For the transmit
path, only TXxSER is a dedicated input to the device. All other signals to the transmit path in Figure 7 can be
programmed as either input or output. For the receive path, only RxXSER and RxMSYNC are dedicated outputs
from the device. All other signals in the receive path in Figure 8 can be programmed as either input or output.

FIGURE 7. TRANSMIT T1/E1 SERIAL PCM INTERFACE
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(b:;i?:cigl:al) |_| |_| |_| |_| |_| |_| |_| |_| I_ _| |_| I_

TXSYNC
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T1DM: TXMSYNC = 12 * (TXSYNC)
SLC-96: TXMSYNC = 12 * (TXSYNC)
ESF: TXMSYNC = 24 * (TXSYNC)
E1l 1een ( TS1 X TS2 TS32 N
TXSERclk
(bi-directional) J_|_|_|_
TxSYNC |_|
(bi-directional)
TXMSYNC |_| TXMSYNC = 16 * (TXSYNC)
(bi-directional)

FIGURE 8. RECEIVE T1/E1 SERIAL PCNBINTERFACE
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1.7 T1/E1 Fractional Interface

The individual time slots can be enabled/disabled to carry fractional DS-0 data. The purpose of this interface is
to enable one or more time slots in the PCM data (TXSER) to be replaced with the fractional DS-0 payload. If
this mode is selected, the dedicated hardware pin TXCHN1/T1FR is used to input the fractional DS-0 data
within the time slots that are enabled. The dedicated hardware pin RXCHN1/R1FR is used to output the

fractional DS-0 data within the time slots that are enabled. Figure 9 is a simplified diagram of the Fractional
Interface.

FIGURE 9. T1 FRACTIONAL INTERFACE
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1.8 T1/E1 Time Slot Substitution and Control

The time slots within PCM data are reserved for carrying individual DS-0's. However, the framer block
(transmit or receive paths) can substitute the payload with various code definitions. Each time slot can be
independently programmed to carry normal PCM data or a variety of user codes. In E1 mode, the user can
substitute the transmit time slots 0 and 16, although signaling and Frame Sync cannot be maintained. The
following options for time slot substitution are available:

¢ Unchanged

* Invert all bits

* Invert even bits

* Invert odd bits

* Programmable User Code
* Busy OxFF

* Vacant OxD5

* Busy TS, Busy 00

* A-Law, p-Law

* Invert the MSB bit

¢ Invert all bits except the MSB bit
* PRBS

* D/E Channel (or Fractional Input)

FIGURE 10. T1/E1 TIME SLOT SUBSTITUTION AND CONTROL

TS,-TS, i

TxSER —GX PCMData >< Substitution >< PCM Data >
TxSERckk |\t MY 6o ————————————————— - - —————-

TXSYNC H

TXMSYNC H
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1.9 Robbed Bit Signaling/CAS Signaling

Signaling is used to convey status information relative to the individual DS-0’s. If a particular DS-0 is On Hook,
Off Hook, etc. this information is carried within the robbed bits in T1 (SF/ESF/SLC-96) or the sixteenth time slot
in E1. On the transmit path, the Signaling information can be inserted through the PCM data, internal registers,
or a dedicated external Signaling Bus by programming the appropriate registers. On the receive path, the
signaling information is extracted (if enabled) to the internal registers and the external signaling bus in addition
to being embedded within the PCM data. If the user wishes to substitute the ABCD values, the substitution
only occurs in the PCM data. Once substituted, the internal registers and the external signaling bus will not be
affected. Figure 11 is a simplified block diagram showing the Signaling Interface. Figure 12 is a timing
diagram showing how to insert the ABCD values for each time slot in ESF / CAS. Figure 13 is a timing
diagram showing how to insert the AB values for SF / SLC-96 or 4-code signaling in ESF / CAS.

FIGURE 11. ROBBED BIT SIGNALING / CAS SIGNALING

TSCR
Internal Reg 's

TXCHN 0/ >
TXSIG > RBS/CAS

* Transmit Direction

TxSER > PCM Data > 6\ Tx LIU >

Physical
Interface

Signaling
Substitution J‘
] Receive Direction

RXSER Y PCM @\ \
i\\ h®

"4
RXCHN 0/ Q'&gnaqig 1, RSAR
RxSIG ., Extract oné Internal Reg 's

A

Rx LIU <

FIGURE 12. ESF / CAS EXTERNAL SIGNALING Bus

LR R I E—
TXSER (X TS1 X TS 2 X TS3 S
TXCHNO/TXSIG AXBYcXD (AXBXcXD) QOO0
meve [
nmsyne [
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FIGURE 13. SF/ SLC-96 OR 4-CODE SIGNALING IN ESF / CAS EXTERNAL SIGNALING Bus

e TUTUUUIU UL U UUU U UL UL
TXSER <E>< TS 1 >< TS 2 X e
TXCHNO/TXSIG % @@— %
TXSYNC |_|
TXMSYNC |_|

1.10 Overhead Interface

The Overhead interface provides an option for inserting the datalink ‘hits into the transmit PCM data or
extracting the datalink bits from the receive PCM data. By default, the datalink information is processed to and
from the PCM data directly. On the transmit path, the overhead cloek is automatically provided as a clock
reference to externally time the datalink bits. The user should, provide data on the rising edge of the TxOHclk
so that the framer can sample the datalink bits on the falling“edger On the receive path, the datalink bits are
updated on the rising edge of the RxOHclk output pin. {in TI\ESF mode, a datalink bit occurs every other
frame. Therefore, the default overhead interface is epérating at 4kbps. In E1 mode, the datalink bits are
located in the first time slot of each Non-FAS frame. ‘Figulevl4eisia simplified block diagram of the Overhead
Interface. Figure 15 is a simplified diagram forcthe (R external overhead datalink bus. Figure 16 is a
simplified diagram for the E1 external overhead datalink bus.

FIGURE 14. T1/E1 OVERHEAD INTERFACE

TxOH >
TxOHclk < @ Lo
Transmit Direction
@
TXSER : @Mlia@ > Tx LIU >
Physical
] o Interface
Receive Direction
RXSER D PcMData |« Rx LIU <
RXOH < Datalink Bits
RxOHclk <€
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FIGURE 15. T1 EXTERNAL OVERHEAD DATALINK Bus

TXSYNC |_| Framel |_| Frame2 |_| Frame3 |_| Frame4 |_| Frame5 |_| Frame6

TxOHclk

(4kHz) |

TXOH < Datalink Bit >< Datalink Bit >< Datalink Bit >
FIGURE 16. E1 OVERHEAD EXTERNAL DATALINK BuUS

TxSYNC |_| Non-FAS Frame |_| FAS Frame

TER  (SIXLXARAHEICES

TxOHclk I—I

IRS¥4, S_7,.and S_8 are Selected
TXOH .4 <sa><sas> - 2
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1.11 Framer Bypass Mode

XRT86VL3X

The framer bypass mode allows the XRT86VL3x to be used as a stand alone Line Interface Unit. In this mode,

a few of the backplane interface signals multiplex into the digital Input/output signals to and from the LIU block.
Figure 22 shows a simplified block diagram of the framer bypass mode.

FIGURE 17. SIMPLIFIED BLOCK DIAGRAM OF THE FRAMER BYPASS MODE

_ . 2-Frame

TCLK=TXSERCLK

TPOS=TXSER Tx Serial Slip Buffer = Tx Framer [— »  TxLU

TNEG=TXSYNC Data In Elastic Store Interface
- . 2-Frame

RCLK=RXSERCLK

RPOS=RXSER iGN Slip Buffer = RXFramer — Rx LIU

RNEG=RXSYNC Data Out Elastic Store Interface
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1.12 High-Speed Non-Multiplexed Interface

The speed of transferring data through a back plane interface in a non-multiplexed manner typically operates
at 1.544Mbps, 2.048Mbps, 4.096Mbps, or 8.192Mbps. For 12.352Mbps and 16.384Mbps, see the High-Speed
Multiplexed Section. The T1/E1 carrier signal out to or in from the line interface is always 1.544MHz and
2.048MHz respectively. However, the back plane interface may be synchronous to a “Higher” speed clock.
For T1, as shown in Figure 18, is mapped into an E1 frame. Therefore, every fourth time slot contains non-
valid data. For E1, as shown in Figure , is simply synchronized to the “Higher” 8.192MHz clock signal supplied
to the TXMSYNC input pin.

FIGURE 18. T1 HIGH-SPEED NON-MULTIPLEXED INTERFACE

Non-Multiplexed High Speed Interface (2.048MHz/4.096MHz/8.192MHz)
TXMSYNC
2.048MHz
TXSER <E><Don'tCare>< TS1 >< TS 2 >< TS 3 XDon'tCareX TS 4 >< TS5 >
TXSERCLK
(1.544MHz)
TxSYNC

FIGURE 19. E1 HIGH-SPEED NON-MULTIPLEXED INTEREACE

Non-Multiplexed'High,Speedinterface (2.048MHz/4.096MHz/8.192MHz)
TXMSYNC
(8.192MHz)
TxSER < 1St >< TS 2 >< TS 3 >
TXSERCLK
(2.048MHz)
TxSYNC
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1.13 High-Speed Multiplexed Interface

XRT86VL3X

In addition to the non-multiplexed mode, the framer can interface through the backplane in a high-speed
multiplexed application, either through a bit-muxed or byte-muxed (in HMVIP or H.100) manner. In this mode,
the chip is divided into two multiplexed blocks, four channels per block. For T1, the high speed multiplexed
modes are 12.352Mbps (bit-muxed, TXSYNC is “High” during the F-bit), 16.384Mbps (bit-muxed, TXSYNC is
“High” during the F-bit), 16.384Mbps (HMVIP: byte-muxed, TXSYNC is “High” during the last 2-bits of the
previous frame and the first 2-bits of the current frame), or 16.384Mbps (H.100: byte-muxed, TXSYNC is “High”
during the last bit of the previous frame and the first bit in the current frame). For E1 mode, the only mode that
is not supported is the 12.352Mbps. The only other difference is that the F-bit (for T1 mode) becomes the first
bit of the E1 frame. Figure 20 is a simplified block diagram of transmit bit-muxed application. Figure 21 is a
simplified block diagram of receive bit-muxed application. Although the data is only applied to channel 4 or
channel 0, the TXSERCLK is necessary for all channels so that the transmit line rate is always equal to the T1/
E1 carrier rate.

FIGURE 20. TRANSMIT HIGH-SPEED BIT MULTIPLEXED BLOCK DIAGRAM

TxSYNC4 Bit Interleaved Multiplexed Mode
— — — — TTIP/TRing4
TXMSYNC4
(16.384MHz)
5b1 5b0f — — — — TTIP/TRing5
TXSER4 l7b2l7b2l6b2l6b2l5b2l5b2l4b2l4b2l7b1l7h1l6hll6b1l5h1|5h1|4b1|4b1|7h0|7h0|6b0|6b0l5h0[5b0]4b0l4b0}—>|3MUx
6b1 — — — — TTIP/TRing6
TXSERCLK4
(2.048MHz)
700 — — — — TTIP/TRing7
TXSERCLKS
(2.048MHz)
TXSERCLK6
(2.048MHz)
TXSERCLK?
(2.048MHz)
FIGURE 21. RECEIVE HIGH-SPEED BjT MULTIPLEXED BLOCK DIAGRAM
RXSYNC4 Bit Interleaved Multiplexed Mode
— — — — RTIP/RRing4
RXSERCLK4
(16.384MHz)
5b1 5b2| — — — — RTIP/RRing5

=

e i o oo o ookl G o e o o o o] o o o o o [ o Je— o

RZ Data Gbl 6b2| — — — — RTIP/RRing6
(2.048MHz)
— — — — RTIP/RRing7
(2.048MHz)
(2.048MHz)
(2.048MHz)
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2.0 LOOPBACK MODES OF OPERATION

2.1 LIU Physical Interface Loopback Diagnostics

The XRT86VL3x supports several loopback modes for diagnostic testing. The following section describes the
local analog loopback, remote loopback, digital loopback, and dual loopback modes. The LIU physical
interface loopback modes are independent from the Framer loopback modes. Therefore, it is possible to
configure multiple loopback modes creating tremendous flexibility within the looped diagnostic features.

2.1.1 Local Analog Loopback

With local analog loopback activated, the transmit output data at TTIP/TRING is internally looped back to the
analog inputs at RTIP/RRING. External inputs at RTIP/RRING are ignored while valid transmit output data
continues to be sent to the line. A simplified block diagram of local analog loopback is shown in Figure 22 .

FIGURE 22. SIMPLIFIED BLOCK DIAGRAM OF LOCAL ANALOG LOOPBACK

NLC/PRBS/QRSS TAOS

TCLK r - f

Timing TTIP
TPOS » Encod JA >
e ncoder Control T TRING
RCLK Data and RTIP
RPOS< Decoder JA Cloek RX N—
RNEG Recovery, RRING

NoTe: The transmit diagnostic features such as TAOS, NLC generation, and QRSS take priority over the transmit input
data at TCLK/TPOS/TNEG.

2.1.2 Remote Loopback

With remote loopback activated, the receivetinput@ata at)RTIP/RRING is internally looped back to the transmit
output data at TTIP/TRING. The remote loopback includes the Receive JA (if enabled). The transmit input
data at TCLK/TPOS/TNEG are ignorediwhile Valid geceive output data continues to be sent to the system. A
simplified block diagram of remote loopbacKlis shewn in Figure 23 .

FIGURE 23. SIMPLIFIED BLOCK DIAGRAM OF REMOTE LOOPBACK

NLC/PRBS/QRSS TAOCS

TCLK _L ] - |
TPOS—— & Encoder A Timing | T > TTP

TNEG i Control TRING

RCLK Data and RTIP
RPOS< Decoder JA —— Clock — RRING
RNEG Recovery
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2.1.3 Digital Loopback

XRT86VL3X

With digital loopback activated, the transmit input data at TCLK/TPOS/TNEG is looped back to the receive
output data at RCLK/RPOS/RNEG. The digital loopback mode includes the Transmit JA (if enabled). The
receive input data at RTIP/RRING is ignored while valid transmit output data continues to be sent to the line. A
simplified block diagram of digital loopback is shown in Figure 24 .

FIGURE 24. SIMPLIFIED BLOCK DIAGRAM OF DIGITAL LOOPBACK

NLC/PRBS/QRSS TAOS

TCLK r Timing ( | TTIP
TPOS » Encoder JA Tx >
TNEG Control | TRING

RCLK Data and RTIP
RPOS < Decoder —Y JA Clock S
RNEG Recovery RRING

2.1.4 Dual Loopback

With dual loopback activated, the remote loopback is combined with the digital loopback. A simplified block
diagram of dual loopback is shown in Figure 25.

FIGURE 25. SIMPLIFIED BLOCK DIAGRAM OF DUAL |{GOPBACK

NLC/PRBS/QRSS TAOS

TCLK r Timini |
TPOS » Encoder JA S ™ > TTIP
TNEG Control A | TRING

RCLK L Data and RTIP
RPOS« Decoder = JA Clock Rx ™ RRING
RNEG Recovery
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The Framer Remote Line Loopback is almost identical to the LIU physical interface Remote Loopback. The

Framer Remote Line Loopback

digital data enters the framer interface, however does not enter the framing blocks.

simplified block diagram of framer remote line loopback is shown in Figure 26 .

FIGURE 26. SIMPLIFIED BLOCK DIAGRAM OF THE FRAMER REMOTE LINE LOOPBACK

The main difference
between the Remote loopback and the Framer Remote Line loopback is that the receive digital data from the

LIU is allowed to pass through the LIU Decoder/Encoder circuitry before returning to the line interface. A

Framer ,

TX

Framer
Rx

NLC/PRBS/QRSS

Encoder

IA Timing

s TTIP

Control

Decoder

JA ——

Data and
Clock
Recovery

” TRING

RTIP
I RRING

2.1.6

With framer local loopback activated, the transmit PCM inpui‘data‘is looped back to the receive PCM output
data. The receive input data at RTIP/RRING is ignored whilé an‘All Ones Signal is transmitted out to the line

Framer Local Loopback

interface. A simplified block diagram of framer remote line,loopbackis\shown in Figure 27 .

FIGURE 27. SIMPLIFIED BLOCK DIAGRAM OF THE FRAMER lOCAL\[FOOPBACK

ST-BUS

. 2-Frame
Tx Serial ( Tx LIU
. Datath Slip' Buffer Tx Framer =P e
<« Elastic Store
Tx Serial
Clock D LLB
. 2-Frame
<+ oadNt Slip Buffer = Rx Framer |« Rx LIU
Data.Out . Interface
P Elastic Store
Rx Serial
Clock
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3.0 HDLC CONTROLLERS AND LAPD MESSAGES

The purpose of the HDLC controllers is to allow messages to be stored for transport in the outbound transmit
framer block or extracted from the receive framer block through the LAPD interface. Each channel within the
Framer has 3 independent HDLC controllers. Each HDLC controller has two 96-Byte buffers for Transmit and
two 96-Byte buffers for Receive. The buffers are used to insert messages into the out going data stream for
Transmit or to extract messages from the incoming data stream from the Receive path. Total, there are twelve
96-Byte buffers per channel. This allows multiple HDLC messages to be transported to and from EXAR'’s

framing device.

FIGURE 28. HDLC CONTROLLERS

Transmit

Receive

Transmit

Receive

Transmit

Receive

Channel N

Buffer 0 Buffer 1
| 96-Bytes | 96-Bytes |
HDLC1
| 96-Bytes | 96-Bytes |
Buffer O Buffer'l
| 96-Bytes | 96-Bytes |
HDLC2
| 96-Bytes | 96:-Bytes |
Buffer O Buffer 1
| 96-Bytes | 96-Bytes |
HDLC3
| 96-Bytes | 96-Bytes |
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3.1 Storing and Retrieving Message Contents

Each buffer has its own dedicated internal holding register. To access the contents of these buffers or to store
messages, the XRT86VL3x utilizes a multiplexed access. The buffers are broken down into Buffer O or Buffer
1. Register 0xn600 is used to Read or Write to Buffer 0 of the selected HDLC controller, while register 0xn700
is used to Read or Write to Buffer 1 of the selected HDLC controller. Although, each HDLC controller has its
own dedicated register set for control, the message contents of only one controller can be accessed at one
time through the microprocessor or DMA interface.

FIGURE 29. STORING AND RETRIEVING MESSAGE CONTENTS

HDLC1 Buffer 0 HDLC1 Buffer 1
<—>| 96-Bytes | 96-Bytes |<—>
HDLC2 Buffer 0 HDLC2 Buffer 1
M M
Register 0xn600 |<—> U <—>| 96-Bytes | 96-Bytes |<—> U <—>| Register 0xn700
X X
HDLC3 Buffer 0 HDLCS3 Buffer.1
<—>| 96-Bytes | 96-Bytes |<—>
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3.2 Programming Sequence for Sending HDLC Messages

Once the data link source and the type of message has been chosen, the following programming sequence
can be followed to send any length message.

FIGURE 30. SENDING HDLC MESSAGES

Enable TxSOT and TXEOT

Read TxBYTE Count
Register

Write Number of Bytes to the
TxBYTE Count Register

StorejMessage jin, Available
TxBuffer

Enable HDLC and TxIDLE If <or = to
Code 96-Bytes
A
TXEOT Indicates Endyof Enable HDLC Only
Message Transmission (No IDLE Code)

v

Wait for TxSOT
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3.3 Programming Sequence for Receiving LAPD Messages

The XRT86VL3x can extract data link information from incoming DS1 frames from either the datalink bits
themselves or the D/E time slots within the PCM input data. To extract a LAPD message, the following
programming sequence can be used as a reference.

FIGURE 31. RECEIVING HDLC MESSAGES

Enable RxSOT, RxEOT, and
RxIDLE

A

RxSOT Indicates a Start of a
New Message, go to Next
Step

Wait for RXEOF or RXIDLE <«

Read RxBYTE Count
Register to Determine
Available Buffer

YES, RxIDLE

NO, RXEOT

Read RxBYTE Count
Register to Determine
Available Buffer

Read the Buffer to Retrieve
the Message

A

Read the Buffer to Retrieve
the Message
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3.4 Receive HDLC Event Timing

The following figure shows the event timing of RXEOT and RxIDLE when receiving HDLC message.

FIGURE 32. RECEIVE HDLC EVENT TIMING

| i
LAPD 7E 96-Bytes i aBytes )\ 7E1(7E \7E ( 7E )
\ |
|
|
RXEOT ﬂ
| |
I
RxIDLE !
|

Figure a. Receiving a 100-Byte Message

A |
LAPD 7E 96-Bytes i EEE -
RXEOT i

RXIDLE :

Figure b. Receiving./a 96:Byie Message

i
LAPD 7E 75"Bytes

|

|

|
RXEOT

|

|

RXIDLE !

Figure c. Receiving a 75-Byte Message

3.5 SS7 (SignalingsSystem!Number 7) for ESF in DS1 O nly

To support SS7 specifications while receiving LAPD messages, EXAR’s Framer will generate an interrupt (if
SS7 is enabled) once the HDLE controllers have received more than 276 bytes within two flag sequences
(Ox7E) of a LAPD message. Each HDLC controller supports SS7. For example: To enable SS7 for all HDLC
controllers, registers 0xnB11 (LAPD1), 0xnB19 (LAPDZ2), 0xnB29 (LAPD3) must be set to 0x01.
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3.6 DS1/E1 Datalink Transmission Using the HDLC Cont  rollers

The transmit framer block can insert data link information to outbound DS1/E1 frames. The data link
information can be inserted from the following sources.

¢ Transmit Overhead Input Interface (TxOH)
* Transmit HDLC1 Controller

¢ Transmit Serial Input Interface (TXSER)

NoTe: HDLCL1 is the dedicated controller for transmission of LAPD messages through the datalink bits. If the datalink bits
are not used for LAPD messages, then HDLC1 can be used through the D/E time slots as with HDLC2 and HDLC3.

The Transmit Data Link Source Select bits within the Transmit Data Link Select Register (TSDLSR) determine
the source for the data link bits in ESF, SLC®96, or T1DM for DS1 and CRC multi frame for E1. Each Transmit
HDLC Controller contains four major functional modules.

¢ Bit-Oriented Signaling Processor

* LAPD Controller

¢ SLC®96 Data Link Controller

¢ Automatic Performance Report (APR) Generation

3.7 Transmit BOS (Bit Oriented Signaling) Processor

The Transmit BOS Processor handles transmission of BOS\messages through the data link channel. The
processor can be set for a specific amount of repetitions a‘eertain-BOS message will be transmitted, or it may
be placed in an infinite loop. The processor can also.insert-a'B@S, IDLE flag sequence and/or an ABORT
sequence to be transmitted on the data link channel.

3.7.1 Description of BOS

Bit-Oriented Signaling messages are a 16-bit pattern Of whieh' a 6-bit message is embedded as shown in the
following table.

BOS'MESSAGE FORMAT

0 D5 D4 D3 D2 D DO Q 1 1 1 1 1 1 1 |1

Where D5 is the MSB and DO is he LSB. The rightmost "1" is transmitted first. BOS is classified into the
following two groups.

¢ Priority Codeword Messagé
¢ Command and Response Infermation
3.7.2 Priority Codeword Message

A Priority Codeword Message is preemptive and has the highest priority among all data link information. A
Priority Codeword indicates a condition that is affecting the quality of service and thus shall be transmitted until
the condition no longer exists. The duration of transmission should not be less than one second. A priority
codeword may be interrupted by software for 100 milliseconds to send maintenance commands with a
minimum interval of one second between interruptions. Yellow alarm (00000000 11111111) is the only priority
message defined in industry standards.

3.7.3 Command and Response Information

Command and Response Information is transmitted to perform various functions. The BOS Processor can
send a command and response by transmitting a minimum of 10 repetitions of the appropriate codeword
pattern. A Command and response data transmission initiates action at the remote end, while the remote end
will respond by sending Bit-Oriented response message to acknowledge the received commands. The
activation and deactivation of line remote loop-back and local payload loop-back functions are of this type.
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3.8 Transmit MOS (Message Oriented Signaling) Proces  sor

The Transmit LAPD controller implements the Message-Oriented protocol based on ITU Recommendation
Q.921 Link Access Procedures on the D-channel. It provides the following functions.

¢ Zero stuffing

T1/E1 transmitter interface
¢ Transmit message buffer access

* Frame check sequence generation

IDLE flag insertion
* ABORT sequence generation

Two 96-byte buffers in shared memory are allocated for each LAPD to reduce the frequency of microprocessor
interrupts and alleviate the response time requirement for a microprocessor toyhandle each interrupt. There
are no restrictions on the length of the message. However the 96-byte\buffer,issdeep enough to hold one entire
LAPD path or test signal identification message.

3.8.1 Discussion of MOS

Message-Oriented signals sent by the transmit LAPD Eontroller are messages conforming to ITU
Recommendation Q.921 LAPD protocol. There are two types of Message-Oriented signals. One is a periodic
performance report generated by the source or sink T1/E1ltermifals as defined by ANSI T1.403. The other is
a path or test signal identification message that may be"optionally generated by a terminal or intermediate
equipment on a T1/E1 circuit. The message structures, ofithe performance report and path or test signal
identification message are shown in Figure 33 for format &,andformat B respectively.
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FIGURE 33. LAPD FRAME STRUCTURE
§ 7 6 5 4 3 2 1 Octel § 7 6 5 4 3 2 1 Octel
Flag 011 1F lalg1 o] ! Flag 011 1F " o] !
ligh o) TN ligh o) TN
v rdr B o v rdr m o
Control 4 Control 4
d d
Information Onigﬁiﬁgnd i Information 76 octets i
12 80
(ﬁrslicgctet) 13 (ﬁrslicgctet) Bl
(secoflgsoctet) 14 (secoflgsoctet) Be
Flag 01 1Flag1 11 Fhe 01 1Flag1 11
Format A Format B

3.8.2 Periodic Performance Report

The ANSI T1.403 standard requires*that\the status of the transmission quality be reported in one-second
intervals. The one-second timing_mayghe derived from the DS1 signal or from a separate equally accurate
(£32ppm) source. The phase @f the.‘ahe-second periods does not depend on the time of occurrence of any
error event. A total of four seconds, of'information is transmitted so that recovery operations may be initiated in
case an error corrupts a message:”’ Counts of events shall be accumulated in each contiguous one-second
interval. Atthe end of each'ongsSecond interval, a modulo-4 counter shall be incremented, and the appropriate
performance bits shall be set in hytes 5 and 6 in Format A. These octets and the octets that carry the
performance bits of the preceding three one-second intervals form the periodic performance report.

The periodic performance report is made up of 14 bytes of data. Bytes 1 to 4, 13, and 14 are the message
header and bytes 5 to 12 contain data regarding the four most-recent one-second intervals. The periodic
performance report message uses the SAPI/TEI value of 0x14.

3.8.3 Transmission-Error Event

Occurrences of transmission-error events indicate the quality of transmission. The occurrences that shall be
detected and reported are:

* CRC Error Event: A CRC-6 error event is the occurrence of a received CRC code that is not identical to the
corresponding locally calculated code.

¢ Severely Errored Framing Event: A severely-errored-framing event is the occurrence of two or more framing-
bit-pattern errors within a 3-ms period. Contiguous 3-ms intervals shall be examined. The 3-ms period may
coincide with the ESF. The severely-errored-framing event, while similar in form to criteria for declaring a
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terminal has lost framing, is only designed as a performance indicator; existing terminal out-of-frame criteria
will continue to serve as the basis for terminal alarms.

* Frame-Synchronization-Bit Error Event: A frame-synchronization-bit-error event is the occurrence of a
received framing-bit-pattern not meeting the severely-errored-framing event criteria.

¢ Line-Code Violation event: A line-code violation event is a bipolar violation of the incoming data. A line-code
violation event for an B8ZS-coded signal is the occurrence of a received excessive zeros (EXZ) or a bipolar
violation that is not part of a zero-substitution code.

¢ Controlled Slip Event: A controlled-slip event is a replication, or deletion, of a T1 frame by the receiving
terminal. A controlled slip may occur when there is a difference between the timing of a synchronous
receiving terminal and the received signal.

3.8.4 Path and Test Signal Identification Message

The path identification message is used to identify the path between the source terminal and the sink terminal.
The test signal identification message is used by test signal generating équipment. Both identification
messages are made up of 82 bytes of data. Byte 1 to 4, 81 and 82 are\the méssage header and bytes 5 to 80
contain six data elements. These messages use the SAPI/TEI value of @x15 to differentiate themselves from
the performance report message.

3.85 Frame Structure

The message structure of message-oriented signal is shown.n Figure 33. Two format types are shown in the
figure: format A for frames which are sending performance report message and format B for frames which
containing a path or test signal identification message. _The fellowing abbreviations are used:

* SAPI: Service Access Point Identifier

C/R: Command or Response

EA: Extended Address

TEI: Terminal Endpoint Identifier

FCS: Frame Check Sequence
3.8.6 Flag Sequence

All frames shall start and end with'the flag sequence consisting of one 0 bit followed by six contiguous 1 bits
and one 0 bit. The flag preceding thesaddress field is defined as the opening flag. The flag following the Frame
Check Sequence (FCS) fieldgs’defined as the closing flag. The closing flag may also serve as the opening flag
of the next frame, in some applications=However, all receivers must be able to accommodate receipt of one or
more consecutive flags.

3.8.7 Address Field

The address field consists of two octets. A single octet address field is reserved for LAPB operation in order to
allow a single LAPB data link connection to be multiplexed along with LAPD data link connections.

3.8.8 Address Field Extension bit (EA)

The address field range is extended by reserving bit 1 of the address field octets to indicate the final octet of
the address field. The presence of a 1 in bit 1 of an address field octet signals that it is the final octet of the
address field. The double octet address field for LAPD operation shall have bit 1 of the first octet set to a 0 and
bit 1 of the second octet set to 1.

3.8.9 Command or Response bit (C/R)

The Command or Response bit identifies a frame as either a command or a response. The user side shall
send commands with the C/R bit set to 0, and responses with the C/R bit set to 1. The network side shall do the
opposite; That is, commands are sent with C/R bit set to 1, and responses are sent with C/R bit set to 0.
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3.8.10 Service Access Point Identifier (SAPI)

The Service Access Point Identifier identifies a point at which data link layer services are preceded by a data
link layer entity type to a layer 3 or management entity. Consequently, the SAPI specifies a data link layer entity
type that should process a data link layer frame and also a layer 3 or management entity, which is to receive
information carried by the data link layer frame. The SAPI allows 64 service access points to be specified,
where bit 3 of the address field octet containing the SAPI is the least significant binary digit and bit 8 is the most
significant. SAPI values are 0x14 and Ox15 for performance report message and path or test signal
identification message respectively.

3.8.11 Terminal Endpoint Identifier (TEI)

The TEI sub-field allows 128 values where bit 2 of the address field octet containing the TEI is the least
significant binary digit and bit 8 is the most significant binary digit. The TEI sub-field bit pattern 111 1111 (=127)
is defined as the group TEI. The group TEI is assigned permanently to the broadcast data link connection
associated with the addressed Service Access Point (SAP). TEI values other than 127 are used for the point-
to-point data link connections associated with the addressed SAP. Non-automatic TEI values (0-63) are
selected by the user, and their allocation is the responsibility of the user\Theetwork automatically selects
and allocates TEI values (64-126).

3.8.12 Control Field

The control field identifies the type of frame which will be either a cOmmand or response. The control field shall
consist of one or two octets. Three types of control field formats’are ‘Specified: 2-octet numbered information
transfer (I format), 2-octet supervisory functions (S format), amd*single-octet unnumbered information transfers
and control functions (U format). The control field for JA/E1l(message is categorized as a single-octet
unacknowledged information transfer having the value 0x03.

3.8.13 Frame Check Sequence (FCS) Field

The source of either the performance report or,an ideftification message shall generate the frame check
sequence. The FCS field shall be a 16-bit sequence. At-shallbe the ones complement of the sum (modulo 2)
of:

¢ The remainder of xk (x15 + x14 + x13 + x12 +X11 +%10 + X9 + X8 + X7 + X6 + X5 + X4 + x3 + X2 + X + 1)
divided (modulo 2) by the generator polynomiakx16(+x12 + x5 + 1, where k is the number of bits in the frame
existing between, but not including, the final bit ofithe opening flag and the first bit of the FCS, excluding bits
inserted for transparency, and

* The remainder of the division (module 2) by.the generator polynomial x16 + x12 + x5 + 1, of the product of
x16 by the content of the frame existing between, but not including, the final bit of the opening flag and the
first bit of the FCS, excluding, bits insertéd for transparency.

As a typical implementation*at the' transmitter, the initial content of the register of the device computing the
remainder of the division is preset towall 1s and is then modified by division by the generator polynomial on the
address, control and information figlds; the ones complement of the resulting remainder is transmitted as the
16-bit FCS.

As a typical implementation at the receiver, the initial content of the register of the device computing the
remainder is preset to all 1s. The final remainder, after multiplication by x16 and then division (modulo 2) by the
generator polynomial x16 + x12 + x5 + 1 of the serial incoming protected bits and the FCS, will be
0001110100001111 (x15 through x0, respectively) in the absence of transmission errors.

3.8.14 Transparency (Zero Stuffing)

A transmitting data link layer entity shall examine the frame content between the opening and closing flag
sequences, (address, control, information and FCS field) and shall insert a O bit after all sequences of five
contiguous 1 bits (including the last five bits of the FCS) to ensure that an IDLE flag or an Abort sequence is
not simulated within the frame. A receiving data link layer entity shall examine the frame contents between the
opening and closing flag sequences and shall discard any 0 bit which directly follows five contiguous 1 bits.
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3.9 Transmit SLC®96 Data link Controller

The SLC®96 T1 format is invented by AT&T and is used between the Digital Switch and a SLC®96 formatted
remote terminal. The purpose of the SLC®96 product is to provide standard telephone service or Plain Old
Telephone Service (POTS) in areas of high subscriber density but back-haul the traffic over T1 facilities.

XRT86VL3X

To support the SLC®96 formatted remote terminal equipment, which is likely in an underground location, the
T1 framer must:

* Indicate equipment failures of the equipment to maintenance personal
* Indicate failures of the POTS lines

* Test the POTS lines

* Provide redundancy on the T1s

The SLC®96 framing format is a D4 Super-frame (SF) format with specialized data link information bits. These
data link information bits take the position of the Super-frame Alignment (FS) bitspositions. These bits consist of
the following.

¢ Concentrator bits (C, bit position 1 to 11)

* First Spoiler bits (FS, bit position 12 to 14)

* Maintenance bits (M, bit position 15 to 17)

Alarm bits (A, bit position 18 to 19)

¢ Protection Line Switch bits (S, bit position 20 to 23)

¢ Second Spoiler bit (SS, bit position 24)
* Resynchronization pattern (000111000111)

In SLC®96 mode, a six 6-bit datalink message Wwill’ generate a one 9-ms frame of the SLC®96 message
format. The format of the datalink message is given ip BELLCORE TR-TSY-000008. When SLC®96 mode is
enabled, the Fs bit is replaced by the data‘link'message read from memory at the beginning of each D4 super-
frame. The XRT86VL3x allocates twa 6:byte\buffers to provide the SLC®96 Data Link Controller an alternating
access mechanism for information‘transmission, The bit ordering and usage is shown in the following table;
and the LSB is sent first. Note thatithes@registers are memory-based storage and they need to be initialized.

TABLE-1: BIT ORDERING AND USAGE

BYTE 5 4 3 2 1 0
1 0 1 1 1 0 0
2 C1 1 1 1 0 0
3 Cc7 C6 C5 C4 C3 C2
4 1 0 Cl1 C10 c9 C8
5 A2 Al M3 M2 M1 0
6 0 1 S4 S3 S2 S1

Each register is read out of memory once every six SF super-frames. The memory holding these registers
owns a shared memory structure that is used by multiple devices. These include DS1 transmit module, DS1
receive module, Transmit LAPD Controller, Transmit SLC®96 Data Link controller, Bit-Oriented Signaling
Processor, Receive LAPD Controller, Receive SLC®96 Data Link Controller, Receive Bit-Oriented Signaling
Processor and microprocessor interface module.
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3.10 D/E Time Slot Transmit HDLC Controller Block V5 .1 or V5.2 Interface

V5.2 protocol specifies a provision for transmitting simultaneous LAPD messages. Since only one message
can be sent through the datalink bits at one time, an alternative path for communication is offered within the
framer block. This alternative path is known as D or E channel which can be transmitted through one or more
of the DS-0 time slots. D channel is used primarily for data link applications. E channel is used primarily for
signaling for circuit switching with multiple access configurations. A range of time slots can be dedicated to
HDLC1, while a different range of time slots can be dedicated to HDLC2 to support V5.2. In addition, HDLC3
can be used to transmit a third LAPD message if desired. The HDLC controllers are implemented in the same
manner as the datalink described above with the exception of the data link source select bits.

3.11 Automatic Performance Report (APR)

The APR feature allows the system to transmit PMON status within a LAPD Framing format A at one second
intervals or within a single shot report. The data octets 5 through 12 within the LAPD frame are replaced with
the PMON status for the previous one second interval.

TABLE 2: FRAMING FORMAT FOR PMON STATUS INSERTED WITHINNCARBYBY INITIATING APR

Octet Number 8 | 7 | 6 | 5 | 4 J0FY 2 | 1 Time (s)
1 Flag = 01111110
2 SAPI = 001110 | CR EA=0
3 TEI = 0000000 EA=1
4 Control = 00000011 = Unacknowledged Frame
5 G3 LV G4 Ul U2 G5 SL G6 To
6 FE SE LB Gl R G2 Nm Ni
7 G3 LV G4 Ul u2 G5 SL G6 To-1
8 FE SE LB Gl R G2 Nm Ni
9 G3 LV G4 Ul v2 G5 SL G6 To-2
10 FE SE LB G1 R G2 Nm Ni
11 G3 LV G4 U1 u2 G5 SL G6 To-3
12 FE SE LB Gl R G2 Nm Ni
13 FCS
14 FCS
15 Flag = 01111110

NoOTE: The right most bit (bit 1) is transmitted first for all fields except for the two bytes of the FCS that are transmitted left
most bit (bit 8) first.

3.11.1 Bit Value Interpretation
G1 =1 if number of CRC error events is equal to 1
G2 =1 if number of CRC error events is greater than 1 or equal to 5
G3 =1 if number of CRC error events is greater than 5 or equal to 10
G4 =1 if number of CRC error events is greater than 10 or equal to 100
G5 =1 if number of CRC error events is greater than 100 or equal to 319
G6 =1 if number of CRC error events is equal to 320
SE =1 if a severely errored framing event occurs (FE shall be 0)
FE = 1 if a framing synchronization bit error event occurs (SE shall be 0)
LV =1 if a line code violation event occurs

SL =1 if slip event within the slip buffer occurs

31



EXAR

XRT86VL3X
Experience Qur Connectivity.
RpEV. 1.2.35" Y T1/E1/J1 FRAMER/LIU COMBO - ARCHITECTURE DESCRIPTIO N

LB = 1 if payload loopback is activated

Ul = If SPRM is used, this bit is controlled by register 0xN142 (default = 0)
U2 = If SPRM is used, this bit is controlled by register 0xN142 (default = 0)

R = If SPRM is used, these bits are controlled by register 0xN142 (default = 0000)
NmNi = One second report module 4 count
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4.0 OVERHEAD INTERFACE BLOCK

The XRT86VL3x has the ability to extract or insert DS1 data link information from or into the following:

* Facility Data Link (FDL) bits in ESF framing format mode
¢ Signaling Framing (Fs) bits in SLC®96 and N framing format mode
* Remote Signaling (R) bits in TIDM framing format mode

The source and destination of these inserted and extracted data link bits would be from either the internal
HDLC Controller or the external device accessible through DS1 Overhead Interface Block. The operation of
the Transmit Overhead Input Interface Block and the Receive Overhead Output Interface Block will be
discussed separately.

4.1 DS1 Transmit Overhead Input Interface Block
41.1 Description of the DS1 Transmit Overhead Input  Interface Block

The DS1 Transmit Overhead Input Interface Block will allow an external device toe the provider of the Facility
Data Link (FDL) bits in ESF framing format mode, Signaling Framing (FS) hitS,in the SLC96 and N framing
format mode and Remote Signaling (R) bit in TLDM framing format mode.cThis interface provides interface
signals and required interface timing to shift in proper data link information.at proper time.

The Transmit Overhead Input Interface for a given Framer consists'of twosignals.

¢ TXOHCIk_n: The Transmit Overhead Input Interface Clock Qutputssignal
* TXOH_n: The Transmit Overhead Input Interface Input signal.

The Transmit Overhead Input Interface Clock Output pitn(TXOHCLKZh) generates a rising clock edge for each
data link bit position according to configuration of the framer~The Data Link equipment interfaced to the
Transmit Overhead Input Interface block should update the\data'link bits on the TXxOH_n line upon detection of
the rising edge of TXOHCIk _n. The Transmit Overhead. (nput {nterface block will sample and latch the data link
bits on the TxOH_n line on the falling edge of fixOHEIK n:‘The data link bits will be included and transmitted
via the outgoing DS1 frames.

The figure below shows block diagram of the DS Transmit Overhead Input Interface of XRT86VL3x.

FIGURE 34. BLOCK DIAGRAM OF THE DSI TRANSMIR ©OVERHEAD INPUT INTERFACE OF THE XRT86VL3Xx

TXOH_n=———» Transmit .
Overhead Input —— TO Transmit
TXOHEIK Interface Framer Block

4.1.2 Configure the DS1 Transmit Overhead Input Inte  rface module as source of the Facility Data
Link (FDL) bits in ESF framing format mode

The FDL bits in ESF framing format mode can be inserted from:
¢ DS1 Transmit Overhead Input Interface Block
* DS1 Transmit HDLC Controller

¢ DS1 Transmit Serial Input Interface.
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The Transmit Data Link Source Select bits of the Transmit Data Link Select Register (TDLSR) controls the
insertion of data link bits into the FDL bits in ESF framing format mode. The table below shows configuration of
the Transmit Data Link Source Select bits of the Transmit Data Link Select Register (TDLSR).

TRANSMIT DATA LINK SELECT REGISTER (TDLSR) (ADDRESS = 0XN10AH)

BIT

BIT NAME BIT TYyPE BIT DESCRIPTION
NUMBER

1-0 Transmit Data Link R/W 00 - The Facility Data Link bits are inserted into the framer through either
Source Select the LAPD controller or the SLC®96 buffer.

01 - The Facility Data Link bits are inserted into the framer through the
Transmit Serial Data input Interface via the TxSer_n pins.

10 - The Facility Data Link bits are inserted into the framer through the
Transmit Overhead Input Interface via the TXOH_n pins.

11 - The Facility Data Link bits areforcedito one by the framer.

If the Transmit Data Link Source Select bits of the Transmit Data, Link.‘Select Register are set to 10, the
Transmit Overhead Input Interface Block becomes input source of the EDL bits.

The XRT86VL3x allows the user to select bandwidth of the Fagility Data Link Channel in ESF framing format
mode. The FDL can be either a 4KHz or 2KHz data link channgel. The*Transmit Data Link Bandwidth Select bits
of the Transmit Data Link Select Register (TDLSR) determine the’bandwidth of FDL channel in ESF framing
format mode.

The table below shows configuration of the Transmit Data Link Bandwidth Select bits of the Transmit Data Link
Select Register (TDLSR).)

TRANSMIT DATA LINK SELECT REGISTER (TBLSR)»ADDRESS = 0XN10AH)

BIT

BIT NAME BIT TYyPE BIT DESCRIPTION
NUMBER

5-4 Transmit Data Link R/W 00~ The_Facility Data Link is a 4KHz channel. All available FDL bits (first
Bandwidth Select hit of every other frame) are used as data link bits.

01 «fhe Facility Data Link is a 2KHz channel. Only the odd FDL bits (first
bitof'frame 1, 5, 9...) are used as data link bits.

10 - The Facility Data Link is a 2KHz channel. Only the even FDL bits (first
bit of frame 3, 7, 11...) are used as data link bits.

Figure 35 below showsithe tithing diagram of the input and output signals associated with the DS1 Transmit
Overhead Input Interface module(in ESF framing format mode.
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FIGURE 35. DS1 TRANSMIT OVERHEAD INPUT INTERFACE TIMING IN ESF FRAMING FORMAT MODE
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4.1.3 Configure the DS1 Transmit Overhead Input Inte & \fface“module as source of the Signaling
Framing (Fs) bits in N or SLC®96 framing format mod , ‘e

The Fs bits in SLC®96 and N framing format mode can be‘inserted from:
¢ DS1 Transmit Overhead Input Interface Block

¢ DS1 Transmit HDLC Controller

¢ DS1 Transmit Serial Input Interface.

The Transmit Data Link Source Select bits, of the, Transmit Data Link Select Register (TDLSR) controls the
insertion of data link bits into the Fs bitsyin N or SLC®96 framing format mode. The table below shows
configuration of the Transmit Data Link Source;Select bits of the Transmit Data Link Select Register (TDLSR).

TRANSMIT DATA LINK SELECT REGISTER (TDLSR) (ADDRESS = 0XN10AH)

BIT

BIT NAME Bir TYRE BIT DESCRIPTION
NUMBER

1-0 Transmit Data Lihk R/W 00 - The Signaling Framing bits are inserted into the framer through either
Source Select the LAPD controller or the SLC®96 buffer.

01 - The Signaling Framing bits are inserted into the framer through the
Transmit Serial Data input Interface via the TxSer_n pins.

10 - The Signaling Framing bits are inserted into the framer through the
Transmit Overhead Input Interface via the TXOH_n pins.

11 - The Signaling Framing bits are forced to one by the framer.

If the Transmit Data Link Source Select bits of the Transmit Data Link Select Register are set to 10, the
Transmit Overhead Input Interface Block becomes input source of the Fs bits.
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Figure 36 below shows the timing diagram of the input and output signals associated with the DS1 Transmit
Overhead Input Interface module in N or SLC®96 framing format mode.

FIGURE 36. DS1 TRANSMIT OVERHEAD INPUT TIMING IN N OR SLC®96 FRAMING FORMAT MODE
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41.4

rface.module’ as source of the Remote

Configure the DS1 Transmit Overhead Input Inte
Signaling (R) bits in TLDM framing format mode

The R bits in TIDM framing format mode can be inserted from:
¢ DS1 Transmit Overhead Input Interface Block

¢ DS1 Transmit HDLC Controller

¢ DS1 Transmit Serial Input Interface.

The Transmit Data Link Source Select bits of the Transmijt,Data\Link Select Register (TDLSR) controls the
insertion of data link bits into the R bits in TLDM framing fermat.mode. The table below shows configuration of
the Transmit Data Link Source Select bits of the Transmit' Data‘Link Select Register (TDLSR).

TRANSMIT DATA LINK SELECT REGISTER (TDLSR) (ADDRES S = 0XN10AH)

Source Select

BIT BIT NAME BIT TYPE B1T DESCRIPTION
NUMBER
1-0 Transmit Data Link RIW 00 - The*Remote Signaling bits are inserted into the framer through either

the l.APD controller or the SLC®96 buffer.

0% - The Remote Signaling bits are inserted into the framer through the
Transmit Serial Data input Interface via the TxSer_n pins.

10 - The Remote Signaling bits are inserted into the framer through the
Transmit Overhead Input Interface via the TXOH_n pins.

11 - The Remote Signaling bits are forced to one by the framer.

If the Transmit Data Link Sourece Select bits of the Transmit Data Link Select Register are set to 10, the
Transmit Overhead Input Interface Block becomes input source of the R bhits. Since R bit presents in Timeslot
24 of every T1DM frame, therefore, bandwidth of TLDM data link channel is 8KHz.

Figure 37 below shows the timing diagram of the input and output signals associated with the DS1 Transmit
Overhead Input Interface module in TLDM framing format mode.

FIGURE 37. DS1 TRANSMIT OVERHEAD INPUT INTERFACE MODULE IN T1DM FRAMING FORMAT MODE
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4.2 DS1 Receive Overhead Output Interface Block

421 Description of the DS1 Receive Overhead Output  Interface Block

The DS1 Receive Overhead Output Interface Block allows an external device to be the consumer of the
Facility Data Link (FDL) bits in ESF framing format mode, Signaling Framing (Fs) bits in the SLC96 and N
framing format mode and Remote Signaling (R) bit in TIDM framing format mode This interface provides
interface signals and required interface timing to shift out proper data link information at proper time.

The Receive Overhead Output Interface for a given Framer consists of two signals.
* RxOHCIk_n: The Receive Overhead Output Interface Clock Output signal
* RxOH_n: The Receive Overhead Output Interface Output signal.

The Receive Overhead Output Interface Clock Output pin (RXOHCLK _n) generates a rising clock edge for
each data link bit position according to configuration of the framer. The data link bits extracted from the
incoming T1 frames are outputted from the Receive Overhead Output Interface Qutput pin (RxOH_n) at the
rising edge of RXOHCIk_n. The Data Link equipment should sample andslatch the data link bits at the falling
edge of RxOHCIk_n.

The figure below shows block diagram of the Receive Overhead Outputinterface of XRT86VL3x.

FIGURE 38. BLOCK DIAGRAM OF THE DS1 RECEIVE OVERHEAD OUTRUT INTERFACE OF XRT86VL3X

RXOH_Nn «+— Receive - . _
Overhead Qutput. e—— From eézlelvl((a
RXOHCIk_n «— Interface ramer Bloc

4.2.2 Configure the DS1 Receive Overhead Output inte  rface module as destination of the Facility
Data Link (FDL) bits in ESF framingformat mode

The FDL bits in ESF framing format mode.can-be extracted to:
* DS1 Receive Overhead Output Interface Block

* DS1 Receive HDLC Controller

* DS1 Receive Serial Output Interfage:

The Receive Data Link Sodrce Select(hits of the Receive Data Link Select Register (RDLSR) controls the
extraction of FDL bits in ESF frating format mode. The table below shows configuration of the Receive Data
Link Source Select bits of the Receive Data Link Select Register (RDLSR).
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RECEIVE DATA LINK SELECT REGISTER (TDLSR) (ADDRESS = 0XN10AH)

Destination Select

BIT BIT NAME BIT TYPE BIT DESCRIPTION
NUMBER
1-0 Receive Data Link R/W 00 - The extracted Facility Data Link bits are stored in either the LAPD con-

troller or the SLC®96 buffer. At the same time, the extracted Facility Data
Link bits are outputted from the framer through the Receive Serial Data
Output Interface via the RxSer_n pins.

01 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Serial Data Output Interface via the RxSer_n pins.
10 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Overhead Output Interface via the RxOH_n pins. At
the same time, the extracted Facility Data Link bits are outputted from the
framer through the Receive Serial/Data Qutput Interface via the RxSer_n
pins.

11 - The Facility Data Link bitsare forced to one by the framer.

If the Receive Data Link Source Select bits of the Receive Data link Select Register are set to 10, the Receive
Overhead Output Interface Block becomes Output source of theZFDL bits.

The XRT86VL3x allows the user to select bandwidth of the ‘Facility Data Link Channel in ESF framing format
mode. The FDL can be either a 4KHz or 2KHz data link channel.’\The Receive Data Link Bandwidth Select bits
of the Receive Data Link Select Register (RDLSR) determinejthe bandwidth of FDL channel in ESF framing
format mode.

The table below shows configuration of the Receive DataLink(Bandwidth Select bits of the Receive Data Link
Select Register (TDLSR).

RECEIVE DATA LINK SELECT REGISTER/(TDLSR)Y (ADDRESS = 0XN10AH)

Bandwidth Select

BIT BIT NAME BIT TYPE BIT DESCRIPTION
NUMBER
5-4 Receive Data Link R\ 00 - The Facility Data Link is a 4KHz channel. All available FDL bits (first

bit of every other frame) are used as data link bits.

0% The Facility Data Link is a 2KHz channel. Only the odd FDL bits (first
bit of frame 1, 5, 9...) are used as data link bits.

10 - The Facility Data Link is a 2KHz channel. Only the even FDL bits (first
bit of frame 3, 7, 11...) are used as data link bits.

Figure 39 below shows the/timing diagram of the Output and output signals associated with the DS1 Receive
Overhead Output Interface module in ESF framing format mode.
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FIGURE 39. DS1 RECEIVE OVERHEAD OUTPUT INTERFACE MODULE IN ESF FRAMING FORMAT MODE
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4.2.3 Configure the DS1 Receive Overhead Output Intel™ rface” module as destination of the
Signaling Framing (Fs) bits in N or SLC®96 framing format mode

The Fs bits in SLC®96 and N framing format mode can be extracted to:

* DS1 Receive Overhead Output Interface Block
* DS1 Receive HDLC Controller

* DS1 Receive Serial Output Interface.

The Receive Data Link Source Select bits of ghe ReceiveldData Link Select Register (RDLSR) controls the
destination of Fs bits in N or SLC®96 framing format, hode. The table below shows configuration of the
Receive Data Link Source Select bits of the'Receive Data Link Select Register (RDLSR).

RECEIVE DATA LINK SELECT REGISTER (FDLSR) (ADDRESS = 0XN10AH)

Source Select,

BIT BIT NAME BIT.LYPE BIT DESCRIPTION
NUMBER
1-0 Receive Data Link R/ 00,- The extracted Facility Data Link bits are stored in either the LAPD con-

troller or the SLC®96 buffer. At the same time, the extracted Facility Data
Link bits are outputted from the framer through the Receive Serial Data
Output Interface via the RxSer_n pins.

01 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Serial Data Output Interface via the RxSer_n pins.

10 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Overhead Output Interface via the RxOH_n pins. At
the same time, the extracted Facility Data Link bits are outputted from the
framer through the Receive Serial Data Output Interface via the RxSer_n
pins.

11 - The Facility Data Link bits are forced to one by the framer.

If the Receive Data Link Source Select bits of the Receive Data Link Select Register are set to 10, the Receive
Overhead Output Interface Block outputs Fs bits extracted from the incoming T1 data stream.
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Figure 40 below shows the timing diagram of the output signals associated with the DS1 Receive Overhead
Output Interface module in N or SLC®96 framing format mode.

FIGURE 40. DS1 RECEIVE OVERHEAD OUTPUT INTERFACE TIMING IN N OR SLC®96 FRAMING FORMAT MODE
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4.2.4 Configure the DS1 Receive Overhead Output Inte  rface module as destination of the Remote
Signaling (R) bits in TLDM framing format mode

The R bits in TIDM framing format mode can be extracted to:
* DS1 Receive Overhead Output Interface Block
* DS1 Receive HDLC Controller

* DS1 Receive Serial Output Interface.

The Receive Data Link Source Select bits of the Receive(Data, Link Select Register (RDLSR) controls the
destination of R bits in TLDM framing format mode=~The table below shows configuration of the Receive Data
Link Source Select bits of the Receive Data Link Select'Register (RDLSR).

RECEIVE DATA LINK SELECT REGISTER (RBLSR)” (ADDRESS = 0XN10AH)

BIT BIT NAME BIT TYyPE BIT DESCRIPTION
NUMBER
1-0 Receive Data Link R/W. 00 The.extracted Facility Data Link bits are stored in either the LAPD con-
Source Select trolleror the SLC®96 buffer. At the same time, the extracted Facility Data

Link\bits are outputted from the framer through the Receive Serial Data
Output Interface via the RxSer_n pins.

01 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Serial Data Output Interface via the RxSer_n pins.

10 - The extracted Facility Data Link bits are outputted from the framer
through the Receive Overhead Output Interface via the RxOH_n pins. At
the same time, the extracted Facility Data Link bits are outputted from the
framer through the Receive Serial Data Output Interface via the RxSer_n
pins.

11 - The Facility Data Link bits are forced to one by the framer.

If the Receive Data Link Source Select bits of the Receive Data Link Select Register are set to 10, the Receive
Overhead Output Interface Block outputs the R bits extracted from the incoming T1 data stream. Since R bit
presents in Timeslot 24 of every T1DM frame, therefore, bandwidth of TLDM data link channel is 8KHz.
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Figure 41 below shows the timing diagram of the output signals associated with the DS1 Receive Overhead
Output Interface module in T1DM framing format mode.

FIGURE 41. DS1 ReECEIVE OVERHEAD OQUTPUT INTERFACE TIMING IN T1DM FRAMING FORMAT MODE
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4.3 E1 Overhead Interface Block

The XRT86VL3x has the ability to extract or insert E1 ddta link information from or into the E1 National bit
sequence. The source and destination of these inserted and gxtrac¢ted data link bits would be from either the
internal HDLC Controller or the external device accessible through E1 Overhead Interface Block. The
operation of the Transmit Overhead Input Interface Block'and\the Receive Overhead Output Interface Block
will be discussed separately.

4.4 E1 Transmit Overhead Input Interface Block
441 Description of the E1 Transmit Overhead Inpuatr  Interface Block

The E1 Transmit Overhead Input Interface Block willFallow an external device to be the provider of the E1
National bit sequence. This interface provides interface signals and required interface timing to shift in proper
data link information at proper time.

The Transmit Overhead Input Interface for a given Framer consists of two signals.

¢ TXOHCIk_n: The Transmit Qverhedad Input'interface Clock Output signal
* TXxOH_n: The TransmitQverhead Input Interface Input signal.

The Transmit Overhead Input Interface Clock Output pin (TXOHCLK n) generates a rising clock edge for each
National bit that is configured to cafry Data Link information according to setting of the framer. The Data Link
equipment interfaced to the Transmit Overhead Input Interface should update the data link bits on the TxOH_n
line upon detection of the rising edge of TXOHCIk_n. The Transmit Overhead Input Interface block will sample
and latch the data link bits on the TXOH_n line on the falling edge of TXxOHCIk_n. The data link bits will be
included in and transmitted via the outgoing E1 frames.

The figure below shows block diagram of the DS1 Transmit Overhead Input Interface of XRT86VL3x.
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FIGURE 42. BLOCK DIAGRAM OF THE E1 TRANSMIT OVERHEAD INPUT INTERFACE OF XRT86VL3X
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4.4.2 Configure the E1 Transmit Overhead Input Inter face module as source of the National Bit
Sequence in E1 framing format mode

The National Bit Sequence in E1 framing format mode can be inserted from:
¢ E1 Transmit Overhead Input Interface Block

* E1 Transmit HDLC Controller

¢ E1 Transmit Serial Input Interface

The purpose of the Transmit Overhead Input Interface is to permit Data Link equipment direct access to the
Sa4 through Sa8 National bits that are to be transported viathe ‘Qutbound frames. The Transmit Data Link
Source Select [1:0] bits, within the Synchronization MUX Register(SMR) determine source of the Sa4 through
Sa8 National bits to be inserted into the outgoing E1 frapies.

The table below shows configuration of the Transmit Data‘Link Source Select [1:0] bits of the Synchronization
MUX Register (SMR).

SYNCHRONIZATION MUX REGISTER (SMR)\(ADDRESS = 0XN109H)

BIT

BIT NAME BIT TYyPE BIT DESCRIPTION
NUMBER

3-2 Transmit Data Link R/W 00~ The.Sa4 through Sa8 National bits are inserted into the framer
Source Select [1:0] through the Transmit Serial Data input Interface via the TxSer_n pins.

01 «ffhe Sa4 through Sa8 National bits are inserted into the framer
through the Transmit LAPD Controller.

10 - The Sa4 through Sa8 National bits are inserted into the framer
through the Transmit Overhead Input Interface via the TXOH_n pins.

11 - The Sa4 through Sa8 National bits are inserted into the framer through
the Transmit Serial Data input Interface via the TxSer_n pins.

If the Transmit Data Link Soutee Select bits of the Transmit Data Link Select Register are set to 10, the
Transmit Overhead Input Interface Block becomes input source of the FDL bits.

The XRT86VL3x allows the user to decide on the following:

* How many of the National Bits will be used to carry the Data Link information bits
* Which of these National Bits will be used to carry the Data Link information bits.

The Transmit Sa Data Link Select bits of the Transmit Signaling and Data Link Select Register (TSDLSR)
determine which ones of the National bits are configured as Data Link bits in E1 framing format mode.
Depending upon the configuration of the Transmit Signaling and Data Link Select Register, either of the
following cases may exists:

* None of the National bits are used to transport the Data Link information bits (That is, data link channel of
XRT86VL3x is inactive).
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¢ Any combination of between 1 and all 5 of the National bits can be selected to transport the Data Link
information bits.

The table below shows configuration of the Transmit Sa Data Link Select bits of the Transmit Signaling and
Data Link Select Register (TSDLSR).

TRANSMIT SIGNALING AND DATA LINK SELECT REGISTER (T SDLSR) (ADDRESS = 0XN10AH)

BIT BIT NAME BIT TYPE BIT DESCRIPTION
NUMBER
7 Transmit Sa8 Data R/W 0 - Source of the Sa8 Nation bit is not from the data link interface.
Link Select 1 - Source the Sa8 National bit from the data link interface.
6 Transmit Sa7 Data R/W 0 - Source of the Sa7 Nation bit is not from the data link interface.
Link Select 1 - Source the Sa7 National bit from the data_link interface.
5 Transmit Sa6 Data R/W 0 - Source of the Sa6 Nation bit is net,from the data link interface.
Link Select 1 - Source the Sa6 National bit fromthe data link interface.
4 Transmit Sa5 Data R/W 0 - Source of the Sa5 Nation bit IS notfrom the data link interface.
Link Select 1 - Source the Sa5 National(it from'the data link interface.
3 Transmit Sa4 Data R/W 0 - Source of the Sa4 Nation bif\ys not from the data link interface.
Link Select 1 - Source the Sa4 Nationalbit from the data link interface.

For every Sa bit that is selected to carry Data Link information, the \Transmit Overhead Input Interface will
supply a clock pulse, via the TXOHCIK_n output pin, such\that;

* The Data Link equipment interfaced to the Transmit Ovérhead Input Interface should update the data on the
TxOH_n line upon detection of the rising edge .0 TXQHCIK (1.

* The Transmit Overhead Input Interface will sample‘and datch the data on the TxOH_n line on the falling edge
of TXOHCIk_n.

43



EXAR

Experience Qur Connectivity.

REV.1.2.3 T1/E1/J1 FRAMER/LIU COMBO - ARCHITECTURE DESCRIPTIO N

XRT86VL3X

Figure 43 below shows the timing diagram of the input and output signals associated with the E1 Transmit
Overhead Input Interface module in E1 framing format mode.

FIGURE 43. E1 TRANSMIT OVERHEAD INPUT INTERFACE TIMING
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45 E1 Receive Overhead Interface
45.1 Description of the E1 Receive Overhead Output  Interface Block

The E1 Receive Overhead Output Interface Block will allow an external device to be the consumer of the E1
National bit sequence. This interface provides interface signals and required interface timing to shift out proper
data link information at proper time.

The Receive Overhead Output Interface for a given Framer consists of two signals.
* RxOHCIk_n: The Receive Overhead Output Interface Clock Output signal
* RxOH_n: The Receive Overhead Output Interface Output signal.

The Receive Overhead Output Interface Clock Output pin (RXOHCLK _n) generates a rising clock edge for
each National bit that is configured to carry Data Link information according to setting of the framer. The data
link bits extracted from the incoming E1 frames are outputted from the Receive Overhead Output Interface
Output pin (RXOH_n) before the rising edge of RxOHCIk_n. The Data Link equipment should sample and latch
the data link bits at the rising edge of RxOHCIk_n.

The figure below shows block diagram of the Receive Overhead Outputfnterface of XRT86VL3x.

FIGURE 44. BLocK DIAGRAM OF THE E1 RECEIVE OVERHEAD OUTPUT.INTERFACE OF XRT86VL3X
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45.2 Configure the E1 Receive OverheadrOutput Inter,” face module as source of the National Bit
Sequence in E1 framing format mode

The National Bit Sequence in E1 framing fermatmode €an be extracted and directed to:
* E1 Receive Overhead Output Interface, Block

* E1 Receive HDLC Controller

* E1 Receive Serial Output Interface

The purpose of the Receive Qverhead Output Interface is to permit Data Link equipment to have direct access
to the Sa4 through Sa8 National bits that are extracted from the incoming E1 frames. Independent of the
availability of the E1 Receive HDLC Controller module, the XRT86VL3x always output the received National
bits through the Receive Overhead Qutput Interface block.

The XRT86VL3x allows the user to decide on the following:

* How many of the National Bits is used to carry the Data Link information bits
¢ Which of these National Bits is used to carry the Data Link information bits.

The Receive Sa Data Link Select bits of the Receive Signaling and Data Link Select Register (TSDLSR)
determine which ones of the National bits are configured as Data Link bits in E1 framing format mode.
Depending upon the configuration of the Receive Signaling and Data Link Select Register, either of the
following cases may exists:

* None of the received National bits are used to transport the Data Link information bits (That is, data link
channel of XRT86VL3x is inactive).

¢ Any combination of between 1 and all 5 of the received National bits are used to transport the Data Link
information bits.
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The table below shows configuration of the Receive Sa Data Link Select bits of the Receive Signaling and Data
Link Select Register (RSDLSR).

RECEIVE SIGNALING AND DATA LINK SELECT REGISTER (RS DLSR) (ADDRESS = 0XN10CH)

BIT BIT NAME BIT TYyPE BIT DESCRIPTION
NUMBER
7 Receive Sa8 Data R/W 0 - The received Sa8 Nation bit is not extracted to the data link interface.
Link Select 1 - The received Sa8 Nation bit is extracted to the data link interface.
6 Receive Sa7 Data R/W 0 - The received Sa7 Nation bit is not extracted to the data link interface.
Link Select 1 - The received Sa7 Nation bit is extracted to the data link interface.
5 Receive Sa6 Data R/W 0 - The received Sa6 Nation bit is not extracted to the data link interface.
Link Select 1 - The received Sa6 Nation bit is extracted to the data link interface.
4 Receive Sa5 Data R/W 0 - The received Sa5 Nation bit.is 'not gxtracted to the data link interface.
Link Select 1 - The received Sa5 Nation bit\is extracted to the data link interface.
3 Receive Sa4 Data R/W 0 - The received Sa4 Nation'bit is not extracted to the data link interface.
Link Select 1 - The received Sa4 Nation bit'is extracted to the data link interface.

For every received Sa bit that is determined to carry Data Linkvinformation, the Receive Overhead Output
Interface will supply a clock pulse, via the RxOHCIk_n output pin, such that:

* The Receive Overhead Output interface should update the'data,an the RxOH_n line before the rising edge of
RxOHCIk_n.

* The external Data Link equipment interfaced to-the Receive’Overhead Output Interface will sample and latch
the data on the RxOH_n line on the rising edge ofl RXOHCIk _n.

Figure 45 below shows the timing diagram of\the output signals associated with the E1 Receive Overhead
Output Interface module in E1 framing formatode

FIGURE 45. E1 RECEIVE OVERHEAD,OUTPUYT, INTERFACE TIMING
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5.0 LIU TRANSMIT PATH

5.1 Transmit Diagnostic Features

In addition to TAOS, the XRT86VL3x offers multiple diagnostic features for analyzing network integrity such as
ATAOS, Network Loop Code generation, and QRSS on a per channel basis by programming the appropriate
registers. These diagnostic features take priority over the digital data provided by the Framer block. The
transmitters will send the diagnostic code to the line and will be maintained in the digital loopback if selected.

5.1.1 TAQOS (Transmit All Ones)

The XRT86VL3x has the ability to transmit all ones on a per channel basis by programming the appropriate
channel register. This function takes priority over the digital data provided by the Framer block. For example:
If a fixed "0011" pattern is provided by the Framer block and TAOS is enabled, the transmitter will output all
ones. Figure 46 is a diagram showing the all ones signal at TTIP and TRING.

FIGURE 46. TAOS (TRANSMIT ALL ONES)

TAOS

5.1.2 ATAOS (Automatic Transmit All Ones)

If ATAOS is selected by programming the appropriate global rggister;“an AMI all ones signal will be transmitted
for each channel that experiences an RLOS condition. Mt RLOS do€s not occur, the ATAOS will remain inactive

until an RLOS on a given channel occurs. A simplified/block.diagram of the ATAOS function is shown in
Figure 47 .

FIGURE 47. SIMPLIFIED BLOCK DIAGRAM OF THE ATAOS, EUNCTION
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5.1.3 Network Loop Up Code

By setting the LIU to generate a NLUC, the transmitters will send out a repeating "00001" pattern. The output
waveform is shown in Figure 48 ..
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FIGURE 48. NETWORK Loor Ur CODE GENERATION
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5.1.4 Network Loop Down Code

By setting the LIU to generate a NLDC, the transmitters will send out a repeating "001" pattern. The output
waveform is shown in Figure 49 .

FIGURE 49. NETWORK LoopP DowN CODE GENERATION
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5.15 QRSS Generation

The XRT86VL3x can transmit a QRSS random sequence’ to-'a remote location from TTIP/TRING. The
polynomial is shown in Table 3.

TABLE 3: RANDOMWBIT-SEQUENCE POLYNOMIALS

RANDOM PATTERN TX El

QRSS/PRBS 220 4 215 1

5.2 T1 Long Haul Line Build Out,(CBO)

The long haul transmitter output\pulses are generated using a 7-Bit internal DAC (6-Bits plus the MSB sign bit).
The line build out can be set0"-7.5dB, z15dB, or -22dB cable attenuation by programming the appropriate
channel register. The long-hauleBO consist of 32 discrete time segments extending over four consecutive
periods of TCLK. As the L BO attenuation is increased, the pulse amplitude is reduced so that the waveform
complies with ANSI T1:403 specifications. A long haul pulse with -7.5dB attenuation is shown in Figure 50, a
pulse with -15dB attenuation isAshown in Figure 51, and a pulse with -22.5dB attenuation is shown in
Figure 52 .
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FIGURE 50. LONG HAUL LINE BUILD OUT WITH -7.5DB ATTENUATION
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FIGURE 51. LoNG HAuUL LINE BuIiLD OUT WITH -15DB ATTENUATION
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FIGURE 52. LONG HAUL LINE BuILD OUT WITH -22.5DB ATTENUATION
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5.3 T1 Short Haul Line Build Out (LBO)

The short haul transmitter output pulses are generated using a 7-Bit internal DAC (6-Bit plus the MSB sign bit).
The line build out can be set to interface to five different ranges of cable attenuation by programming the
appropriate channel register. The pulse shape is divided into eight discrete time segments which are set to
fixed values to comply with the pulse template. To program the eight segments individually to optimize a
special line build out, see the arbitrary pulse section of this datasheet. The short haul LBO settings are shown
in Table 4

TABLE 4: SHORT HAUL LINE BuiLD OuT

LBO seTTING EQC[4:0] R ANGE OF CABLE ATTENUATION
08h (01000) 0 - 133 Feet
09h (01001) 133 - 266 Feet
0Ah (01010) 266 - 399 Feet
0Bh (01011) 399 - 533 Feet
0Ch (01100) 533 2655 Feet

5.3.1 Arbitrary Pulse Generator

The arbitrary pulse generator divides the pulse into eight indiyidual Segments. Each segment is set by a 7-Bit
binary word by programming the appropriate channel register. (hhis allows the system designer to set the
overshoot, amplitude, and undershoot for a unique line build out\, The"MSB (bit 7) is a sign-bit. If the sign-bit is
set to "0", the segment will move in a positive direction.relative’ tora flat line (zero) condition. If this sign-bit is
set to "1", the segment will move in a negative direction relative"to’a flat line condition. The resolution of the
DAC is typically 60mV per LSB. Thus, writing J4-bit =(2111111 will clamp the output at either voltage rail
corresponding to a maximum amplitude. A pulsewith aumbered segments is shown in Figure 53.

FIGURE 53. ARBITRARY PULSE SEGMENT ASSIGNMENT

Segment Register

O%0Fn8
Ox0Fn9
OxOFha
0x0Fnb
OxOFng
0x0Fnd
0xOFne
OxOFnf

O~NO O~ WNPE

NoTe: By default, the arbitrary segments are programmed to OxO0h. The transmitter outputs will result in an all zero
pattern to the line interface.
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5.3.2 DMO (Digital Monitor Output)

The driver monitor circuit is used to detect transmit driver failures by monitoring the activities at TTIP/TRING
outputs. Driver failure may be caused by a short circuit in the primary transformer or system problems at the
transmit inputs. If the transmitter of a channel has no output for more than 128 clock cycles, DMO goes "High"
until a valid transmit pulse is detected. If the DMO interrupt is enabled, the change in status of DMO will cause
the interrupt pin to go "Low". Once the status register is read, the interrupt pin will return "High" and the status
register will be reset (RUR).

5.3.3 Transmit Jitter Attenuator

The transmit path has a dedicated jitter attenuator to reduce phase and frequency jitter in the transmit clock.
The jitter attenuator uses a data FIFO (First In First Out) with a programmable depth of 32-bit or 64-bit. When
the Read and Write pointers of the FIFO are within 2-Bits of over-flowing or under-flowing, the bandwidth of the
jitter attenuator is widened to track the short term input jitter, thereby avoiding data corruption. When this
condition occurs, the jitter attenuator will not attenuate input jitter until the Read/Write pointer’s position is
outside the 2-Bit window. In T1l mode, the bandwidth of the JA is always(set to 3Hz. In E1 mode, the
bandwidth is programmable to either 10Hz or 1.5Hz (1.5Hz automatically selects the 64-Bit FIFO depth). The
JA has a clock delay equal to ¥ of the FIFO bit depth.

NoTE: The Receive Path has a dedicated jitter attenuator. See the Receive Rath Line Interface Section.
5.4 Line Termination (TTIP/TRING)

The output stage of the transmit path generates standard return-te“zero (RZ) signals to the line interface for T1/
E1/J1 twisted pair or E1 coaxial cable. The physical,interface is optimized by placing the terminating
impedance inside the LIU. This allows one bill of matetials for)all modes of operation reducing the number of
external components necessary in system design. “The. transmitter outputs only require one DC blocking
capacitor of 0.68uF. For redundancy applications,(6r simply to.tni-state the transmitters), set TXTSEL to a "1" in
the appropriate channel register. A typical transmit intérfaceé is shown in Figure 54 .

FIGURE 54. TyrPICAL CONNECTION DIAGRAM{USINGINTERNAL TERMINATION
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6.0 LIU RECEIVE PATH

6.1 Line Termination (RTIP/RRING)
6.1.1 Internal Termination

The input stage of the receive path accepts standard T1/E1/J1 twisted pair or E1 coaxial cable inputs through
RTIP and RRING. The physical interface is optimized by placing the terminating impedance inside the LIU.
This allows one bill of materials for all modes of operation reducing the number of external components
necessary in system design. The receive termination impedance is selected by programming TERSEL[1:0] to
match the line impedance. Selecting the internal impedance is shown in Table 5.

TABLE 5: SELECTING THE INTERNAL IMPEDANCE

TERSELJ[1:0] R ECEIVE TERMINATION
Oh (00) 100Q
1h (01) 110Q
2h (10) 750
3h (11) 120Q

The XRT86VL3x has the ability to switch the internal termipnationqto "High" impedance by programming
RxTSEL in the appropriate channel register, if the RXTSEL hardware'pin is “High”. For internal termination, set
RxTSEL to "1". By default, RXTSEL is set to "0" ("High'*impedance). For redundancy applications, a
dedicated hardware pin (RXTSEL) is available to control ‘the~receive termination for all channels
simultaneously. This hardware pin is AND-ed with the registerbits Both, the register bit and the hardware pin
must be set active for the receiver to be configured“for internal’ impedance. Figure 55 shows a typical
connection diagram using the internal termination,

FIGURE 55. TyPiICAL CONNECTION DIAGRAM USING INTERNAL TERMINATION
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6.1.2 Equalizer Control

The main objective of the equalizer is to amplify an input attenuated signal to a pre-determined amplitude that
is acceptable to the peak detector circuit. Using feedback from the peak detector, the equalizer will gain the
input up to the maximum value specified by the equalizer control bits, in the appropriate channel register,
normalizing the signal. Once the signal has reached the pre-determined amplitude, the signal is then

processed within the peak detector and slicer circuit. A simplified block diagram of the equalizer and peak
detector is shown in Figure 56 .
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FIGURE 56. SIMPLIFIED BLOCK DIAGRAM OF THE EQUALIZER AND PEAK DETECTOR

Peak €—RTIP
Detector & Rx Equalizer
Slicer <€—RRING
Rx Equalizer
Control

6.1.3 Cable Loss Indicator

The ability to monitor the cable loss attenuation of the receiver inputs ist@ valdable feature. The XRT86VL3x
contains a per channel, read only register for cable loss indication N €LOS[5:0] is a 6-Bit binary word that
reports the value of cable loss in 1dB steps with an absolute accuracy of'¢1dB. An example of -25dB cable
loss attenuation is shown in Figure 57 .

FIGURE 57. SIMPLIFIED BLOCK DIAGRAM OF THE CABLE LOSS.INDICATOR
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6.2 Receive Sensitivity

To meet Long Haul receive sensitivity’requirements, the XRT86VL3x can accept T1/E1/J1 signals that have
been attenuated by 43dB cable aftenuation in E1 mode or 36dB cable attenuation in T1 mode without
experiencing bit errors, LOF,“patteérn synchronization, etc. Short haul specifications are for 12dB of flat loss in
E1 mode. T1 specifications are 655 feet of cable loss along with 6dB of flat loss in T1 mode. The XRT86VL3x
can tolerate cable loss and flat loss beyond the industry specifications. The receive sensitivity in the short haul
mode is approximately 4,000 feet without experiencing bit errors, LOF, pattern synchronization, etc. Although
data integrity is maintained, the RLOS function (if enabled) will report an RLOS condition according to the
receiver loss of signal section in this datasheet. The test configuration for measuring the receive sensitivity is
shown in Figure .
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FIGURE 58. TEST CONFIGURATION FOR MEASURING RECEIVE SENSITIVITY
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6.2.1 AIS (Alarm Indication Signal)

The XRT86VL3x adheres to the ITU-T G.775 specification for an all ones pattern. (The alarm indication signal
is set to "1" if an all ones pattern (at least 99.9% ones density) is presentfor T, where T is 3ms to 75ms in T1
mode. AIS will clear when the ones density is not met within the same tine period T. In E1 mode, the AIS is
set to "1" if the incoming signal has 2 or less zeros in a 512-bit window. “AIS will clear when the incoming signal
has 3 or more zeros in the 512-bit window.

6.2.2 NLCD (Network Loop Code Detection)

The Network Loop Code Detection can be programmed to detect a“Loop-Up, Loop-Down, or Automatic Loop
Code. If the network loop code detection is programmed;for doop-Up, the NLCD will be set "High" if a
repeating pattern of "00001" occurs for more than 5{secends’_~If the network loop code detection is
programmed for Loop-Down, the NLCD will be set "High*,if a_fépeating’pattern of "001" occurs for more than 5
seconds. If the network loop code detection is programmedsfor-automatic loop code, the LIU is configured to
detect a Loop-Up code. If a Loop-Up code is detected for ‘more than 5 seconds, the XRT86VL3x will
automatically program the channel into a remote loopback made. The LIU will remain in remote loopback even
if the Loop-Up code disappears. The channel‘will eontinue’in remote loop back until a Loop-Down code is
detected for more than 5 seconds (or, if the automatic le@p code is disabled) and then automatically return to
normal operation with no loop back. The process ef thé ‘automatic loop code detection is shown in Figure 59 .
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FIGURE 59. PROCESS BLOCK FOR AUTOMATIC Loor CODE DETECTION
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6.2.3 FLSD (FIFO Limit Status Detection)

The purpose of the FIFO limit status is to indicate when,the Read and Write FIFO pointers are within a pre-
determined range (over-flow or under-flow jindication). .‘The FLSD is set to "1" if the FIFO Read and Write
Pointers are within £3-Bits.

6.2.4 Receive Jitter Attenuator

The receive path has a dedicated jitter.attenuator'to reduce phase and frequency jitter in the recovered clock.
The jitter attenuator uses a data FIFO (Kirst ImyFirst Out) with a programmable depth of 32-bit or 64-bit. If the
LIU is used for line synchronization (loop timing systems), the JA should be enabled in the receive path. When
the Read and Write pointers ofthe EIFO ate’within 2-Bits of over-flowing or under-flowing, the bandwid