Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

For transmitting many E1 channels over one line,ITiJ describes in the standard G.742 a method for
multiplexing four E1 channels to one E2 channel ianthe standard G.751 a method for multiplexing
four E2 channels to one E3 channel. The used tqabrig Time Division Multiplexing (TDM).

This document describes the two modules which pm@tes the multiplexing and demultiplexing
function needed for transmitting 16 E1 channelsdparent over one E3 channel.

The multiplexing/demultiplexing is done in two stag
- First from E1 to E2
- Second from E2 to E3

E2 E2
El E1l
E1 >_‘ J< E1
: E3-Line i
El >J ‘|—>< E1
El > 4>< El
)y Multiplexer E1 to E3 . . Demultiplexer E3 to E1 .

Acronym El E2 E3
Standard ITU-T G.703 ITU-T G.703 ITU-T G.703
Datarate 2048 kbit/sec 8448 kbit/sec 34368 kbit/sec
Tolerance 50 ppM 30 ppM 20 ppM
Acronym Multiplexing E1 to E2 Multiplexing E2 to E3
Standard ITU-T G.742 ITU-T G.751

The design is written in VHDL. It's plain VHDL, theingle special component is a Xiling6-bit CLB-
RAMs (RAM16X1D) which is used for FIFOs. The desiguld be easy translated to an Alteoa
Lattice’ device.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Features

The sixteen E1 input interfaces can be used fujyehronous compared to the E3 reference clock and
the other E1 input clocks. The individual clock elesinput for any E1 input interface enables the
possibility of working with a higher interface clocate (like 34.368 MHz). The whole clock-system ca
be sourced with only one clock too. This is ofteeful in a greater system.

The Remote Alarm Indication (RAI) and the NatioB#tl (Na) of the E3 frame and the four incorporated
E2 frames can be used fully independent of eadbroth

The generation of the internally needed E2 cloeld8kHz) is done internally by a special divisidage
from the E3 reference clock (34.368 MHz).

It's possible to transmit idle-0 or idle-1 in th& Rayload.
It's also possible to transmit an unframed 0 ogel.

For testing purposes it's possible to transmit cife Frame Alignment Signals (FAS) to check the
counterpart deframer.

An extra data channel in the overhead bits of tBér&me enables the possibility to transmit user or
control data with a data rate of nearly 90 kbit/Sdus feature is fully compliant with the ITU st#ards.
In detail it uses the first four justification cooitbits (Gi, J=1..4) in the E3 frame overhead. This is
possible because the receiver performs a majoeitystbn with the three justification control nibble
(C31,Cy2,Cy3 J=1..4) when deciding if a justification mustdane or not. One erroneous hibble doesn’t
affect the justification decision.

Combined error outputs for the E1 and the E2 domeports problems with the signal clocking. If a E1
interface clock is too fast or too slow comparethwihe E3 reference clock, the E1l interface daga ar
delivered too fast or too slow. This causes a Fdw€flow or an underflow. This event is reportedtioa
combined error output.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Multiplexer (simplified)
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Multiplexer : VHDL-Entity

entity MILTIPLEXER E1_TOE3 is

port (
E3_REF _CLK in std_|logic; -- Framer Cock E3
RESET in std_|logic; -- Reset
E2_CH1_RAI in std_|logic; -- E2 Channel 1 Renote Alarm Indication
E2_CH1_NA in std_|logic; -- E2 Channel 1 National Bit
E2_CH2_RAI in std_|logic; -- E2 Channel 2 Renpte Al arm |ndication
E2_CH2_NA in std_|logic; -- E2 Channel 2 National Bit
E2_CH3_RAI in std_|logic; -- E2 Channel 3 Renote Alarm Indication
E2_CH3_NA in std_|logic; -- E2 Channel 3 National Bit
E2_CH4_RAI in std_|logic; -- E2 Channel 4 Renpte Al arm |Indication
E2_CHA_NA in std_|logic; -- E2 Channel 4 National Bit
E3_RAI in std_|logic; -- E3 Renpte Al arm | ndication
E3_NA ©in std_logic; -- E3 National Bit
E3_FRAME_START : out std_|l ogic; -- E3 Frane Pul se
E3_I| DLE_SET :in std_logic; -- E3 Pulse : new | DLE Conmand
E3_I DLE_CMD in std_logic_vector (2 downto 0); -- E3 IDLE Conmand
E3_FAS_SET in std_|logic; -- E3 Pulse : new FAS Command
E3_FAS_CMD in std_logic_vector (2 downto 0); -- E3 FAS Command
E3_REMOTE_EN in std_|logic; -- E3 Renote Channel : Enable
E3_REMOTE_DATA in std_logic_vector (3 downto 0); -- E3 Renmote Channel : TX Data
El_CH11_TX CLK in std_|logic; -- E1 Channel 11 C ock
El_CHI1_TX VAL : in std_logic; -- E1 Channel 11 Data Valid
E1l_CH11_TX DATA : in std_logic; -- E1 Channel 11 Data
E1l_CH12_TX CLK in std_|logic; -- E1 Channel 12 d ock
El_CHI2_TX VAL : in std_logic; -- E1 Channel 12 Data Valid
E1_CH12_TX DATA : in std_logic; -- E1 Channel 12 Data
E1_CH13_TX CLK in std_|logic; -- E1 Channel 13 C ock
El_CHI3_TX VAL : in std_logic; -- E1 Channel 13 Data Valid
E1_CH13_TX _DATA : in std_logic; -- E1 Channel 13 Data
El_CH14_TX CLK : in std_logic; -- E1 Channel 14 C ock
El_CH14_TX VAL : in std_logic; -- E1 Channel 14 Data Valid
E1l_CH14_TX _DATA : in std_logic; -- E1 Channel 14 Data
El _CH21 TX CLK in std_|logic; -- E1 Channel 21 d ock
El_CH21_TX VAL : in std_logic; -- E1 Channel 21 Data Valid
El_CH21 TX DATA : in std_logic; -- E1 Channel 21 Data
El_CH22_ TX CLK in std_|logic; -- E1 Channel 22 d ock
El_ CH22_TX_ VAL : in std_logic; -- E1 Channel 22 Data Valid
E1l_CH22_TX _DATA : in std_|logic; -- E1 Channel 22 Data
E1l_CH23_TX CLK in std_|logic; -- E1 Channel 23 C ock
El_ CH23_TX VAL : in std_logic; -- E1 Channel 23 Data Valid
E1l_CH23_TX _DATA : in std_logic; -- E1 Channel 23 Data
El_CH24_TX CLK : in std_logic; -- E1 Channel 24 C ock
El_CH24_TX VAL : in std_logic; -- E1 Channel 24 Data Valid
E1l_CH24_TX_DATA : in std_logic; -- E1 Channel 24 Data
El_CH31_TX CLK in std_|logic; -- E1 Channel 31 d ock
El_CH31_TX VAL : in std_logic; -- E1 Channel 31 Data Valid
El_CH31 TX DATA : in std_logic; -- E1 Channel 31 Data
E1l_CH32_TX CLK in std_|logic; -- E1 Channel 32 d ock
El_ CH32_TX VAL : in std_logic; -- E1 Channel 32 Data Valid
El_CH32_TX DATA : in std_logic; -- E1 Channel 32 Data
E1l_CH33_TX CLK in std_|logic; -- E1 Channel 33 d ock
El_ CH33_TX VAL : in std_logic; -- E1 Channel 33 Data Valid
E1_CH33_TX _DATA : in std_logic; -- E1 Channel 33 Data
El_CH34_TX CLK : in std_logic; -- E1 Channel 34 C ock
El_ CH34_TX VAL : in std_logic; -- E1 Channel 34 Data Valid
E1l_CH34_TX_DATA : in std_logic; -- E1 Channel 34 Data
El_CH41_TX CLK : in std_logic; -- E1 Channel 41 C ock
El_CH41_TX VAL : in std_logic; -- E1 Channel 41 Data Valid
El_CH41_TX _DATA : in std_logic; -- E1 Channel 41 Data
El _CH42_TX CLK in std_|logic; -- E1 Channel 42 d ock
El_CH42_TX VAL : in std_logic; -- E1 Channel 42 Data Valid
El_CH42_TX DATA : in std_logic; -- E1 Channel 42 Data
El _CH43_TX CLK in std_|logic; -- E1 Channel 43 d ock
El_ CH43_TX VAL : in std_logic; -- E1 Channel 43 Data Valid
E1l_CH43_TX _DATA : in std_logic; -- E1 Channel 43 Data
El_CH44_TX CLK : in std_logic; -- E1 Channel 44 C ock
El_CH44_TX_ VAL : in std_logic; -- E1 Channel 44 Data Valid
E1l_CH44_TX_DATA : in std_logic; -- E1 Channel 44 Data

c;

E2_TX_ERR : out std_| ogi -- E2 Fifo Error
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

El_TX ERR : out std_logic; -- E1 Fifo Error
E3_TX CLK : out std_logic; -- E3 Qutput O ock
E3_TX_DATA : out std_logic -- E3 Qutput Data

)
end MULTI PLEXER E1_TO ES3;

Multiplexer : Interface Description

E3 REF_CLK

Base clock for the E3 multiplexer. The whole E3idagf the framer works with this clock. The E2 dtoc
for the four E2 framer is derived from this clock.

RESET
Asynchronous reset for the whole internal logic,(E3 and E1 clock domains) of the multiplexer.

E2 CH1 RAI / E2 CH2 RAI / E2_ CH3 RAIl / E2_CH4 RAl (E3_REF_CLK synchronous)

Remote Alarm Indication input for the four E2 fram&he bit at this input is sampled at the framgiibe
(9962.26 times per second) of the correspondinfdtfer. It is transmitted as RAI bit in the E2 fram

E2 CH1 NA / E2_CH2 NA / E2 CH3 NA / E2_CH4 NA (E3_REF_CLK synchronous)

National Bit input for the four E2 framer. The hitthis input is sampled at the frame begin (99%2.2
times per second) of the corresponding E2 franiés.ttansmitted as NA bit in the E2 frame.

E3 RAl (E3_REF_CLK synchronous)

Remote Alarm Indication input for the E3 framer €Tlhit at this input is sampled at the frame begin
(22375 times per second) of the E3 framer. Itasgmitted as RAI bit in the E3 frame.

E3 NA (E3_REF_CLK synchronous)

National Bit input for the E3 framer. The bit atinput is sampled at the frame begin (22375 tipers
second) of the E3 framer. It is transmitted as NtArbthe E3 frame.

E3 FRAME_START (E3_REF_CLK synchronous)

This signaling output notifies the begin (first)f one frame. It reports this event by a 1 sigoabne
clock period.

E3 IDLE_SET (E3_REF_CLK synchronous)

Command input. The framer assumes the command atdtet E3_IDLE_CMD input with a pulse for
one clock period at this input. The execution & tommand is done at the next frame begin.

E3 IDLE_CMD (E3_REF_CLK synchronous)

0 0 0 : normal operation, overhead and paylcausmission
010 : transmit 0’ during frame payload
011 : transmit,l’ during frame payload
100 : transmit idle signal ,0’ (unframed)
101 : transmitidle signal ,1' (unframed)
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

E3 FAS SET (E3_REF_CLK synchronous)

Command input. The framer assumes the command atdlee E2_FAS_CMD input with a pulse for one
clock period at this input. The execution of thenoeand is done at the next frame begin.

E3 FAS CMD (E3_REF_CLK synchronous)

000 : normal operation

010 : transmit one defective FAS, only onedpibr : 1111000000 instead of 1111010000
011 : transmit one defective FAS, all bits irted : 0000101111 instead of 1111010000
100 : transmit four consecutive FAS, only oitesbror : 1111000000 instead of 1111010000
101 : transmit four consecutive FAS, all bitgdrted : 0000101111 instead of 1111010000

E3 REMOTE_EN (E3_REF_CLK synchronous)
Activation input for the data transfer channeltie temote device. Set to 0 if not used.

E3 REMOTE_DATA (E3_REF_CLK synchronous)

Data transfer channel to the remote device. This liit wide channel is transmitted in the E3 frame
overhead instead of the first four justificatiomtol bits (Gj). It's possible because the receiver performs
a majority-decision with the three justificationntml nibbles (G, C;2 C;3) when deciding if a justification
must be done or not. One erroneous nibble doeBattahe justification decision.

The transmit rate in this channel is 22375 niblplesssecond or 89500 bit/sec. The nibble at thisting
sampled at the E3 frame begin.

E1 CH11 TX_CLK / E1 CH12 TX_CLK / EL CH13 TX_CLK / E1 CH14 TX_CLK /
E1 CH2L TX_CLK / E1 CH22 TX_CLK / EL CH23 TX_CLK / E1 CH24 TX_CLK /
E1 CH3L TX_CLK / E1 CH32 TX_CLK / EL CH33 TX CLK / E1 CH34 TX_CLK /
E1 CH41 TX_CLK / E1 CH42 TX_CLK / E1_CH43 TX_CLK / E1_CH44 TX_CLK

Clock for the sixteen E1 TX interface channels. Iddae asynchronously regarding to the other E1
channels and to the E3_REF_CLK. The nominal dataisa2048 kbit/sec.

The inputs E1_CH1x_TX_CLK are connected to thd #2 multiplexer.

The inputs E1_CH2x_TX_CLK are connected to the sdde2 multiplexer.

The inputs E1_CH3x_TX_CLK are connected to thedtk2 multiplexer.

The inputs E1_CH4x_TX_CLK are connected to thetfo&2 multiplexer.

E1 CH11 TX VAL / E1 CH12 TX VAL / E1 CH13 TX_VAL / E1 CH14 TX_VAL /
E1 CH21 TX VAL / E1 CH22 TX VAL / E1 CH23 TX_VAL / E1_ CH24 TX_VAL /
E1 CH3L TX_VAL / EL CH32 TX VAL / E1 CH33 TX_VAL / E1 CH34 TX_VAL /
E1 CH41 TX VAL / E1 CH42 TX VAL / E1 CH43 TX VAL / E1 CH44 TX_VAL

Clock enable input for the sixteen E1 TX interfabannels. Set to 1 when using a 2.048 MHz E1 clock.
Used when working with a higher clock (like 34.34@81z) which is used as a single clock for a greater
system. When this input is at 1 during the risidge=on the corresponding channel clock input, #ia d
bit at the corresponding channel data input issteged in the input FIFO.

The inputs E1_CH1x_TX_VAL are connected to thet it multiplexer.

The inputs E1_CH2x_TX_VAL are connected to the sedg2 multiplexer.

The inputs E1_CH3x_TX_VAL are connected to thed!i?2 multiplexer.

The inputs E1_CH4x_TX_VAL are connected to the flolE2 multiplexer.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

E1 CH11 TX_DATA / E1 CH12 TX DATA / E1 CH13 TX_DATA / E1 CH14 TX_DATA /
E1 CH21 TX_DATA / E1_CH22 TX _DATA / E1 CH23 TX_DATA / E1_CH24 TX_DATA /
E1 CH31 TX_DATA / E1_CH32 TX_DATA / E1 CH33 TX_DATA / E1_CH34 TX_DATA /
E1 CH41 TX_DATA / E1 CH42 TX_DATA / E1_CH43 TX_DATA / E1 CH44 TX_DATA

User data input for the sixteen E1 TX interfacercted. A data bit is sampled with the rising edgettoe
corresponding channel clock input.

The inputs E1_CH1x_TX_DATA are connected to thstfiE2 multiplexer.

The inputs E1_CH2x_TX_DATA are connected to theogelcE2 multiplexer.

The inputs E1_CH3x_TX_DATA are connected to thediii2 multiplexer.

The inputs E1_CH4x_TX_DATA are connected to thetiole2 multiplexer.

E2 TX_ERR (E3_REF_CLK synchronous)

Combined error signal output from the four E2 ifdees of the E3 TX framer. If one of the four E2
interface channel FIFOs detects a overflow or uihmerthis error is reported by a 1 signal for the
duration of the error.

E1 TX ERR (E3_REF_CLK synchronous)

Combined error signal output from the E1 interfagkthe four E2 TX framers. If one of the four E1
interface channel FIFOs of a E2 framer detectseafloww or underflow this error is reported by aignsl
for the duration of the error.

E3 TX_CLK
Output of the E3_REF_CLK to the line interface.

E3 TX DATA (E3_TX_CLK synchronous)
Serial E3 data output to the line interface.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Demultiplexer (simplified)
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Demultiplexer : VHDL-Entity

entity DEMULTI PLEXER E3_TOEl is

port (
RESET in std_|logic; -- Reset
E3_RX_CLK in std_|logic; -- RX input data clock
E3_RX_DATA in std_|logic; -- RX input data signal
E3_RX_LCV in std_logic; -- RX code violation
E3_RX_LOS in std_logic; -- RX loss of signal
E3_RX_LOL :in std_l ogic; -- RX loss of |ock
E3_REF _CLK : out std_| ogic; -- RX reference clock output
E3_FRAME_START : out std_|l ogic; -- Frame Pul se
E3_SYNC : out std_logic; -- State : Franme Synchron
E3_RAI : out std_| ogic; -- State : RAl bit
E3_NA : out std_| ogic; -- State : NA bit
E3_AI S : out std_logic; -- State : AlarmlInd. Signal
E3_LOS : out std_logic; -- State : Loss O Signal
E3_REMOTE_EN :in std_logic; -- Renote Channel : Enable
E3_REMOTE_DATA : out std_logic_vector (3 downto 0); -- Renpte Channel : RX Data
E2_CH1_SYNC : out std_| ogic; -- E2 Channel 1 : Frame Synchronous
E2_CH1_RAI : out std_| ogi -- E2 Channel 1 : RAl Bit
E2_CH1_NA : out std_| ogi -- E2 Channel 1 : NABIit
E2 CHL_ Al S : out std_| ogi -- E2 Channel 1 : AlarmlInd. Signal
E2 CH1L_LCS : out std_| ogi -- E2 Channel 1 : Loss O Signal
E2_CH2_SYNC : out std_| ogi -- E2 Channel 2 : Frame Synchronous
E2_CH2_RAI : out std_| ogi -- E2 Channel 2 : RAl Bit
E2_CH2_NA : out std_| ogi -- E2 Channel 2 : NABit
E2 CH2_AI S : out std_| ogi -- E2 Channel 2 : AlarmlInd. Signal
E2_CH2_LOS : out std_| ogi -- E2 Channel 2 : Loss OF Signal
E2_CH3_SYNC : out std_| ogi -- E2 Channel 3 : Frame Synchronous
E2_CH3_RAI : out std_| ogi -- E2 Channel 3 : RAl Bit
E2_CH3_NA : out std_| ogi -- E2 Channel 3 : NA Bt
E2_CH3_AI' S : out std_| ogi -- E2 Channel 3 : AlarmlInd. Signal
E2_CH3_LOS : out std_| ogi -- E2 Channel 3 : Loss OF Signal
E2_CHA_SYNC : out std_| ogi -- E2 Channel 4 : Frame Synchronous
E2_CHA_RAI : out std_| ogi -- E2 Channel 4 : RAl Bit
E2_CH4A_NA : out std_| ogi -- E2 Channel 4 : NABIt
E2_CHA_AI S : out std_| ogi -- E2 Channel 4 : AlarmlInd. Signal
E2 CH4_LCS : out std_| ogi -- E2 Channel 4 : Loss O Signal

-- E1 Channel 11 Data Valid
-- E1 Channel 11 Data
-- E1 Channel 12 Data Valid
-- E1 Channel 12 Data
-- E1 Channel 13 Data Valid
-- E1 Channel 13 Data
-- E1 Channel 14 Data Valid
-- E1 Channel 14 Data
-- E1 Channel 21 Data Valid
-- E1 Channel 21 Data
-- E1 Channel 22 Data Valid
-- E1 Channel 22 Data
-- E1 Channel 23 Data Valid
-- E1 Channel 23 Data
-- E1 Channel 24 Data Valid
-- E1 Channel 24 Data
-- E1 Channel 31 Data Valid
-- E1 Channel 31 Data
-- E1 Channel 32 Data Valid
-- E1 Channel 32 Data
-- E1 Channel 33 Data Valid
-- E1 Channel 33 Data
-- E1 Channel 34 Data Valid
-- E1 Channel 34 Data
-- E1 Channel 41 Data Valid
-- E1 Channel 41 Data
-- E1 Channel 42 Data Valid
-- E1 Channel 42 Data
-- E1 Channel 43 Data Valid

El_CHI1_RX_ VAL : out std_l ogi
E1_CH11_RX_DATA : out std_| ogi
E1l_CH12_RX_VAL : out std_| ogi
E1_CH12_RX_DATA : out std_l ogi
E1l_CHI3_RX_VAL : out std_l ogi
E1_CH13_RX_DATA : out std_l ogi
E1l_CH14_RX_VAL : out std_| ogi
E1_CH14_RX_DATA : out std_l ogi
El_CH21_RX_VAL : out std_| ogi
E1l_CH21 RX DATA : out std_l ogi
El_CH22_RX_VAL : out std_l ogi
E1l_CH22_RX_DATA : out std_l ogi
El_CH23_RX VAL : out std_logi
E1l_CH23_RX DATA : out std_l ogi
El_CH24_RX_VAL : out std_l ogi
E1l_CH24_RX_DATA : out std_l ogi
El_CH31_RX_VAL : out std_| ogi
E1l_CH31_RX DATA : out std_l ogi
El_CH32_RX_VAL : out std_l ogi
E1_CH32_RX_DATA : out std_l ogi
El_CH33_RX VAL : out std_logi
E1_CH33_RX DATA : out std_l ogi
El_CH34_RX_VAL : out std_l ogi
E1_CH34_RX_DATA : out std_l ogi
El_CH41_RX_VAL : out std_| ogi
E1l_CH41 RX DATA : out std_l ogi
El_CH42_RX_VAL : out std_l ogi
E1l_CH42_RX_DATA : out std_l ogi
El_CH43_RX_VAL : out std_l ogi
E1_CH43_RX_DATA : out std_| ogi -- E1 Channel 43 Data

El_CH44_RX_VAL : out std_| ogi -- E1 Channel 44 Data Valid
E1l_CH44_RX_DATA : out std_logic -- E1 Channel 44 Data

OO0OO0O00O0000000000000000000000000000000000000000000000000000000000O0O0O0

)
end DEMULTI PLEXER E3_TO E1;
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Demultiplexer : Interface Description

RESET
Asynchronous reset for the whole internal logic @88 the four E2 domains) of the demultiplexer.

E3 RX_CLK

Receive clock from the E3 line interface unit foe tE3 demultiplexer. The whole logic of the
demultiplexer works with this clock.

E3 RX_DATA
Serial RX data stream from the E3 line interfaci iom the E3 demultiplexer.

E3 RX_LCV

Line Code Violation information from the E3 linegé@nface unit (received data bit is invalid becaofke
violation of the coding rules).

E3 RX_LOS
Loss Of Signal information from the E3 line interaunit (No receive signal available).

E3 RX_LOL

Loss Of Lock information from the E3 line interfageit (Receive signal frequency beyond the CDR
frequency range).

E3 REF_CLK
Output of the E3 reference clock (Derieved from EX_CLK).

E3 FRAME_START (E3_REF_CLK Synchronous)

This signaling output notifies the reception (fipif) of a frame. It reports this event by a 1 sigfior a
clock period.

E3 SYNC (E3_REF_CLK Synchronous)

Synchronization state output of the E3 deframer.
This output changes to 1 if three consecutive frami¢h error free frame alignment signals are ez
It changes to 0 if four consecutive frames wittoerd frame alignment signals are received.

E3 RAl (E3_REF_CLK Synchronous)

Remote Alarm Indication output of the E3 deframer.

This output changes to 1 if the received RAI hitshie last four frames are at 1. It changes totifef
received RAI bits in the last four frames are atiBe output is immediately updated, when the RAIDi
received. If the frame synchronization is loststhutput is reset to O.

E3 NA (E3_REF_CLK Synchronous)

National Bit output of the E3 deframer.
The level at this output reflects the level of theeived NA bit. The output is immediately updateten
the NA bit is received. If the frame synchronizatie lost, this output is reset to 0.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

E3 AIS (E3_REF_CLK Synchronous)

State output signal of the E3 deframer : Receiitagm Indication Signal (Idle ‘1’).

The AIS output changes to 1 if four or less 0 hits detected during the last two frame periodsl&36
bits). The AIS output changes to 0 if five or mOrbits are detected during the last two frame jlsr{@x
1536 bits) or when frame synchronization could tieieved.

E3 LOS (E3_REF_CLK Synchronous)

State output signal of the E3 deframer : Receiliogs Of Signal (Idle ‘0).

The LOS output changes to 1 if the inputs E3_RX _IdDE3 RX_LOL changes to 1 or if 128
consecutive 0 bits are received. The LOS outputgbsito O if the inputs E3_RX _LOS and E3_RX_LOL
are at 0 and if at least one 1 bit was receivatiériast 128 received bits.

E3 REMOTE_EN (E3_REF_CLK Synchron)
Activation input for the data transfer channel fridre remote device. Set to O if not used.

E3 REMOTE_DATA (E3_REF_CLK Synchron)

Data transfer channel from the remote device. Thagebits wide channel is transmitted in the E&rie
overhead instead of the first four justificatiomtrol bits (Gj). A nibble with new data is provided with
every new frame, which can be noticed by the E3_MEASTART signal.

E2 CH1 SYNC/E2 CH2 SYNC/E2 CH3 SYNC/E2 CH4 SYNC (E3_REF_CLK Synchronous)

Synchronization state outputs of the four E2 defiam
This output changes to 1 if three consecutive fiami¢h error free frame alignment signals are nesgbi
It changes to 0 if four consecutive frames wittoerd frame alignment signals are received.

E2 CH1 RAI / E2_ CH2 RAI / E2_CH3 RAI / E2_CH4 RAI (E3_REF_CLK Synchronous)

Remote Alarm Indication outputs of the four E2 defer.

This output changes to 1 if the received RAI hitshie last four frames are at 1. It changes totieif
received RAI bits in the last four frames are af e output is immediately updated, when the RAIDi
received. If the E2 frame synchronization is Itists output is reset to 0.

E2 CH1 NA / E2_ CH2 NA / E2 CH3 NA / E2_CH4 NA (E3_REF_CLK Synchronous)

National Bit outputs of the four E2 deframer.
The level at this output reflects the level of theeived NA bit. The output is immediately updateten
the NA bit is received. If the E2 frame synchrotiiza is lost, this output is reset to 0.

E2 CH1 AIS / E2_ CH2 AIS / E2 CH3 AIS /| E2 CH4 AIS (E3_REF_CLK Synchronous)

State output signals of the four E2 deframer : Réng Alarm Indication Signal (Idle ‘1").

The AIS output changes to 1 if four or less 0 bits detected during the last two frame periods3dsk
bits). The AIS output changes to 0 if five or mOrbits are detected during the last two frame plsr{@x
848 bits) or when frame synchronization could heeecd.

E2 CH1 LOS / E2_ CH2 LOS / E2_ CH3 LOS / E2_ CH4 LOS (E3_REF_CLK Synchronous)

State output signals of the four E2 deframer : Réng Loss Of Signal (Idle ‘0").
The LOS output changes to 1 if 128 consecutiveDdre received. The LOS output changes to 0 if at
least one 1 bit was received in the last 128 recthits.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

E1 CH11 RX_VAL / E1L CH12 RX_VAL / E1 CH13 RX VAL / E1_CH14 RX_VAL /
E1 CH21 RX_VAL / EL CH22 RX_VAL / E1 CH23 RX VAL / E1_CH24 RX_VAL /
E1 CH31 RX_VAL / EL CH32 RX_VAL / E1 CH33 RX VAL / E1_CH34 RX_VAL /
E1 CH41 RX_VAL / E1_CH42 RX_VAL / E1 CH43 RX VAL / E1 CH44 RX_VAL

Receive data valid signals (clock enable output}He sixteen E1 RX interface channels.
Synchronized at the clock E3_REF_CLK. When thigatts at 1 during the rising edge on the
E3_REF_CLK output, the data bit at the correspogdimannel data output is valid.

The nominal data rate for E1 is 2048 kbit/sec.

The outputs E1_CH1x_TX VAL are connected to thstfif2 demultiplexer.

The outputs E1_CH2x_TX VAL are connected to theedd=2 demultiplexer.

The outputs E1_CH3x_TX VAL are connected to thedtli2 demultiplexer.

The outputs E1_CH4x_TX_ VAL are connected to thetfo&2 demultiplexer.

E1 CH11 RX_DATA / E1 CH12 RX_DATA / E1 CH13 RX_DATA / E1 CH14 RX_DATA /
E1 CH21 RX_DATA / E1_CH22 RX_DATA / E1 CH23 RX_DATA / E1 CH24 RX_DATA /
E1 CH31 RX_DATA / E1_CH32 RX_DATA / E1 CH33 RX_DATA / E1 CH34 RX_DATA /
E1 CH41 RX_DATA / EL CH42 RX_DATA / E1 CH43 RX_DATA / EL CH44 RX_DATA

Receive data output signals for the sixteen E1 R&rface channels.

Synchronized at the clock E3_REF_CLK. The databthis channel data output is valid, when the
corresponding data valid signal is at 1 duringrthieg edge on the E3_REF_CLK output.

The nominal data rate for E1 is 2048 kbit/sec.

The outputs E1_CH1x_TX_DATA are connected to thet f£2 demultiplexer.

The outputs E1_CH2x_TX_ DATA are connected to #eoad E2 demultiplexer.

The outputs E1_CH3x_TX_ DATA are connected to thiedtE2 demultiplexer.

The outputs E1_CH4x_TX_DATA are connected to theth E2 demultiplexer.
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Multiplexer / Demultiplexer : E1to/from E3 according ITU-T G.703/G.742/ G.751

Multiplexer / Demultiplexer : Used Ressour ces

Device Multiplexer Demultiplexer
Flip-Flops | 4 bit— LUTS Frequency Flip-Flops| 4 bit — LUTs Frequency
XC2V250-4| 1300-1400 | 1300-1400 > 150 MHz 600-65( 900-950 > NI5x
XC3S200-4| 1300-1400 | 1300-1400 > 140 MHz 600-65( 900-950 > NI5

The multiplexer requires such much logic becaugbefully clock independent interfaces.

A multiplexer/demultiplexer unit requires about®@0of a XilinX® Spartafi-3 200 FPGA, which costs
round about US$ 20.
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