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ITU-T Recommendation G.992.2

Splitterless asymmetric digital subscriber line (ADSL) transceivers

Amendment 1
Revised Annex C

Summary

This Amendment 1 to ITU-T Rec. G.992.2 revises Annex C for improved robustness and extended
reach. It includes the changes introduced by G.992.2 (1999) Corrigendum 1 (07/2002).

Source

Amendment 1 to ITU-T Recommendation G.992.2 (1999) was prepared by ITU-T Study Group 15
(2001-2004) and approved under the WTSA Resolution 1 procedure on 16 March 2003.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
ITU. ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.
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ITU-T Recommendation G.992.2

Splitterless asymmetric digital subscriber line (ADSL) transceivers

Amendment 1
Revised Annex C

ADSL above POTS co-existing in the same binder as TCM-ISDN DSL

C1 Scope

This annex describes those specifications that are unique to an ADSL system co-existing in the
same binder as TCM-ISDN as defined in Appendix I1I/G.961. The subclauses in this annex provide
the additions and modifications to the corresponding clauses in the main body. The modifications
described in this annex provide a performance improvement over the Splitterless ADSL system
specified in main body in an environment co-existing with TCM-ISDN. It is preferred that ADSL
system implementing this annex also implements the main body.

This annex defines several optional operating modes or "profiles", negotiable through G.994.1. to
allow limited independent control of:

. FEXT and NEXT period transmission in both upstream and downstream directions

. overlapped and non-overlapped spectrum downstream during FEXT and NEXT periods

These new optional profiles (defined in C.4 as Profiles 1 to 6) offer improved robustness and
extended reach compared to the previously defined operating modes.

NOTE — References to figures or tables of Appendix IV will be defined when Appendix IV is made
available.

C.2 Definitions and abbreviations

C.2.1 Definitions

C.2.1.1 Dual Bitmap: The Dual Bitmap method has dual bit rates under the FEXT and NEXT
noise from TCM-ISDN.

C.2.1.2 FEXT Bitmap: Similar to the Dual Bitmap method; however, transmission only occurs
during FEXT noise from TCM-ISDN.

C.2.13 Hyperframe: Five Superframes structure which synchronized TTR.

C.2.14 Bitmap-Fg: ATU-C transmitter bitmap under TCM-ISDN FEXT noise generated at
ATU-R.

C.2.1.5 Bitmap-Ng: ATU-C transmitter bitmap under TCM-ISDN NEXT noise generated at
ATU-R.

C.2.1.6 Bitmap-F¢c: ATU-R transmitter bitmap under TCM-ISDN FEXT noise generated at
ATU-C.

C.2.1.7 Bitmap-N¢: ATU-R transmitter bitmap under TCM-ISDN NEXT noise generated at
ATU-C.

C.2.1.8 FEXTR duration: TCM-ISDN FEXT duration at ATU-R estimated by the ATU-C.
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C.2.1.9
C.2.1.10
C.2.1.11
C2.1.12
C2.1.13
C.2.1.14
C.2.1.15
C.2.1.16

NEXTg duration: TCM-ISDN NEXT duration at ATU-R estimated by the ATU-C.
FEXTc duration: TCM-ISDN FEXT duration at ATU-C estimated by the ATU-R.
NEXT¢ duration: TCM-SDN NEXT duration at ATU-C estimated by the ATU-R.
FEXTR symbol: DMT symbol transmitted by ATU-C during TCM-ISDN FEXT.
NEXTg symbol: DMT symbol transmitted by ATU-C during TCM-ISDN NEXT.
FEXTc symbol: DMT symbol transmitted by ATU-R during TCM-ISDN FEXT.
NEXT¢ symbol: DMT symbol transmitted by ATU-R during TCM-ISDN NEXT.

Nswr: Sliding window frame counter.

C.2.2 Abbreviations

TTR
TTRc
TTRg
Ul

TCM- ISDN Timing Reference
Timing Reference used in ATU-C
Timing Reference used in ATU-R

Unit Interval

C3 Reference models

C.3.1 ATU-C transmitter reference model (replaces figure in 4.2)

ATMO ASO 255
—»Cell TC > 254
Constel- 240
lation [1]
Mux/ scram Natural H
Inter-
sync P crc » and I:a\ir_» Ratet > tone [+ encoger IDFT (Z;Jz:lplui[ /
control FEC converter) "\ jering an, | paralle
NTR > gain [ serial
scaling buffer
OAM < n=1
3 3 x n=0 |
TTR
Z;
V-C A B C i=1to127],] DACandanalog | {
Mux FEC output Constellation encoder processing
1 Reference points data frlame datla frame input dalta frame Ul—C
I T T | |
G.992.2_FC.1
NOTE — The TTR may be generated in the ATU-C without being provided from the V-C reference point TCM-ISDN clock.
Figure C.1/G.992.2 — ATU-C transmitter reference model for ATM transport
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C.3.2 ATU-R transmitter reference model (replaces figure in 4.2)

ATMO LSO 63
—» Cell TC >
Constel- 63
lation [ 5
Natural =
Mux/ SCram i | ter- Rate atura encoder Output
sync M crc » and F  tone IDFT lel/
C leaver| |converter orderin and paralle
control FE g gain [ serial
OAM scaling n=1 buffer
Y Y Y n=0f| 4
TTR
R Zi
T-R A B C i=1to31 DAC and analog iy
Mux  FEC output Constellation encoder processing
Reference points data f;rame dataI frame input dalta frame U_lR
1 I I | |
G.922.2 FC.2
NOTE — The TTRy, shall be generated in the ATU-R from the received TTR, and shall be locked to 690 periods of
upstream sampling clock (276 kHz).
Figure C.2/G.992.2 — ATU-R transmitter reference model for ATM transport
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C33 ATU transmitter timing model (new)
C331 TCM-ISDN crosstalk timing model (new)
Figure C.3 shows the timing chart of the crosstalk from TCM-ISDN.

TTR
— 377 UL
»
i
cO transmit ISDN receive ISDN
N \ . 0 <propagation delay <16 UI 1 675Ul 377 Ul
RT receive ISDN transmit ISDN
| S
TTR. ’7
FEXTy NEXTy
ATU-C Tx Frame | Frame| —-------
0 < propagation delay < 18.5 Ul
>
Received ’7
TTR, _
Sk
4'747
TTR, ’7
NEXT FEXT.
ATU-R Tx Frame | Frame| — -------
G.992.2_FC3

1 UI=3.125 us
FEXTy and NEXTy, are estimated by the ATU-C
FEXT. and NEXT,. are estimated by the ATU-R
TTR TCM-ISDN Timing reference
TTR Timing reference used in ATU-C
Received TTR~ Received TTR at ATU-R
TTRy Timing reference used in ATU-R
S¢ 55x0.9058 us: Offset from TTR to TTR.
Sr —42 % 0.9058 ps: Offset from received TTR to TTRy

Figure C.3/G.992.2 — Timing chart of the TCM-ISDN cross-talk

The data stream of TCM-ISDN transmitted in a TTR period. The TCM-ISDN CO transmits the
symbols in the first half of the TTR period and the TCM-ISDN RT transmits in the second half of
the TTR period. The ATU-C receives NEXT noise from ISDN in the first half of the TTR period
and FEXT noise from ISDN in the second half of the TTR period. On the other hand, the ATU-R
receives FEXT noise from the TCM-ISDN in the first half of the TTR period and NEXT noise from
the ISDN in the second half of the TTR period.
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As defined in C.6.2.2 and in C.9, the ATU-C shall estimate the FEXTr and NEXTr duration at
ATU-R, and ATU-R shall estimate FEXTc and NEXTc¢ duration at ATU-C taking propagation
delay on the subscriber line into consideration.

The ATU-C shall transmit any symbol by synchronizing with the TTRc. The ATU-R shall transmit
any symbol by synchronizing with the TTRg generated from received TTRc.

C.3.3.2 Sliding Window (new)

Figure C.4 shows the timing chart of the downstream transmission.

Hyperframe = 345 symbols

- N
N "
TT
00 1%) pp— ] . [
Crosstali FEXTg M FEXTy FEXTy MR FEXT,
period ¢ < <
ATU-C
Tx frame
=302 1 O I
T G.992.2_FC.4
|:| FEXT, symbol Sliding Window

[ ] NEXT, symbol

Figure C.4/G.992.2 — Sliding Window

The "Sliding Window" operation defines the procedures to transmit symbols under the crosstalk
noise environment synchronized to the period of the TTR. The FEXT¢r symbol represents the
symbol completely inside the FEXTcr duration. The NEXTcr symbol represents the symbol

containing any NEXT¢r duration. Thus, there are more NEXT¢/r symbols than FEXTc/r symbols.

The ATU-C decides which transmission symbol is a FEXTr or NEXTr symbol according to the
Sliding Window and transmits it with the corresponding bit table. Similarly, ATU-R decides which
transmission symbol is a FEXT¢ or NEXT¢ and transmits it with the corresponding bit table.
Although the phase of the Sliding Window is asynchronous with the TTRc/r, the pattern is fixed to
the 345 frames of the hyperframe (see C.6.2.2).

C.3.3.3 ATU-C symbol synchronization to TTR¢ (new)

The time duration of 345 symbols is equal to 34 cycles of TTR¢ (or 32 cycles of TTR¢ for symbols
without a cyclic prefix). This implies a PLL lock at the ATU-R.

C.3.3.4 Dual Bitmap switching (new)

The ATU-C transmits FEXTr symbols using Bitmap-Fr (in FEXTr duration), and transmits
NEXTr symbols using Bitmap-Ng (in NEXTr duration) according to the result of initialization. The
ATU-R transmits FEXT¢ symbols using Bitmap-Fc (in FEXT¢ duration), and transmits NEXTc
symbols using Bitmap-N¢ (in NEXT¢ duration) in the same manner.

The ATU-C shall have the capability to disable Bitmap-Nc and Bitmap-Ngtransmission—during

NEXTF o GseeFable H-#6G9944 C.0. 7)) —hrthisease—the ATH-Cshattransmit-onbthe-pHottone
as NEXTg symbol. and ATU-R shall transmit silenee as the NEXT¢ symbol (see C.53.5 and C.5.7).
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r-Symbel-As an

option an ATU-C may have the ability to enable or disable Bitmap-N¢ independently of Bitmap-
Ng. This is controlled by way of the profiles negotiated through G.994.1.

C.3.3.5 Loop timing at ATU-R (new)

The phase relation between received symbol and transmitted symbol of ATU-R at reference point
U-R shall meet the phase tolerances as shown in Figure C.5.

(point U-R)

ATU-R receive
DMT symbol

ATU-R transmit
DMT symbol

G.992.2 FC.5

\ 4

<+ 45 Us + Sy

Figure C.5/G.992.2 — Loop timing for ATU-R

C.4x Operating modes (new)

The following profiles are defined to support independent control of FEXT and NEXT bitmaps in
the upstream and downstream direction, as well as independent control of the downstream spectrum
for each downstream bitmap:

Profile 1

For Profile 1, upstream transmission only uses Bitmap-F¢, and downstream transmission only uses
Bitmap-Fr with non-overlapped spectrum.

Profile 2

For Profile 2. upstream transmission uses both Bitmap-Fc and Bitmap-N¢, and downstream
transmission uses both Bitmap-Fr_and Bitmap-Ng. Non-overlapped spectrum is used with both
downstream bitmaps.

Profile 3

For Profile 3. upstream transmission only uses Bitmap-F¢, and downstream transmission only uses
Bitmap-Fr_with overlapped spectrum. An example of a downstream PSD mask for this operating
mode is shown in Figure IV.3.

Profile 4

For Profile 4. upstream transmission uses both Bitmap-Fc and Bitmap-N¢, and downstream
transmission uses both Bitmap-Fr_and Bitmap-Ng. Overlapped spectrum is used with both
downstream bitmaps.

Profile 5

For Profile 5. upstream transmission only uses Bitmap-F¢, and downstream transmission uses both
Bitmap-Fr_and Bitmap-Ng. Non-overlapped spectrum is used with Bitmap-Ng, and overlapped
spectrum is used with Bitmap-Fr. An example of a downstream PSD mask for use with Bitmap-Ng
is shown in Figure IV.1 and described in Table IV.1 in Appendix IV. An example of a downstream
PSD mask for use with Bitmap-Fr is shown in Figure IV.2 and described in Table IV.2 in

Appendix IV.
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Profile 6

For Profile 6, upstream transmission uses both Bitmap-Fc and Bitmap-N¢, and downstream
transmission uses both Bitmap-Fr and Bitmap-Ng. Non-overlapped spectrum is used with Bitmap-
Ng. and overlapped spectrum is used with Bitmap-Fr. An example of a downstream PSD mask for
use with Bitmap-Ng is shown in Figure IV.l and described in Table IV.1 in Appendix IV. An
example of a downstream PSD mask for use with Bitmap-Fg is shown in Figure IV.2 and described
in Table IV.2 in Appendix IV.

Table 11.9.1/G.994.1 contains the code points to support these profiles.

C45 ATU interfaces

C.54.1 ATM interface for ATM transport (replaces figure in 6.1)
The functional data interface at the ATU for ATM transport are shown in Figure C.6.

ATM layer

ATMO

Tx_ATMO

A4

Tx_Cell_HandshakeO

A

v

Rx_ATMO

?
i
PORTO

A

Rx_Cell Handshake0 ATU
Operations, administration,
maintenance and control
) NTR(ATU-C) g
Digital network >
TTR(ATU-C)
NTR(ATU-R)
I
V-C or G.9922_FC6
T-R
interface

NOTE - The TTR may be generated in the ATU-C without being provided from the V-C reference point.
Figure C.6/G.992.2 — ATU functional interfaces to the ATM layer at the V or T reference point

C.65 ATU functional characteristics (pertains to clause 7)

C.65.1 Payload transfer delay (supplements 7.1.1)

The one-way transfer delay (excluding cell specific functionalities) for payload bits from the
V reference point at the central office end (V-C) to the T reference point at remote the end (T-R)
shall be as specified in 7.1.1 with an additional 5 ms for transfer delay attributed to the rate
converter. The same requirement applies in the opposite direction, from the T-R reference point to
the V-C reference point.

The maximum rate converter delay specified in the above text shall not apply to bit rates of
32 kbit/s and 64 kbit/s.
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C.65.2 Framing (pertains to 7.3)
::I C.65.2.1 Superframe structure (supplements 7.3.3.1)

. Since the rate converter reorders the user data and overhead bit-level data to create hyperframes, the
- input data frames to the constellation encoder are different than those defined in 7.3.3.1.

3’ C.65.2.2 Hyperframe structure (new)

This annex uses the hyperframe structure shown in Figures C.7 and C.8. Both figures show the

phase relationship between the TTRcr and the hyperframe at the point U-C and U-R. Each

hyperframe is composed of five superframes, which are numbered from 0 to 4. In order to indicate

the boundary of the hyperframe, the inverse synch symbol is used for the Nj,,-th superframe, which

is generated from a tone-by-tone 180-degree phase reversal of the synchronization symbol (see
| C.65.3.1) except for the pilot tone. Nj,y-th is defined as:

N 3 3 (SPF#3) for downstream
mw - 0 (SPF#0) for upstream

The FEC Output Frame from the interleaver is put into the rate-converter. The bit-level data stream
from the rate-converter is extracted according to the size of Bitmap-Fgr/c and Bitmap-Ng/c using the
Sliding Window (see C.3.3.2 and C.3.3.4).

In order to make the bit rate to be a multiple of 32 kbit/s, the dummy bits are inserted at the end of

| hyperframe by the rate converter (see C.65.6). The hyperframe is composed of 345 DMT symbols,
numbered from 0 to 344. Each symbol is assigned as a FEXTg/c or NEXTg/c symbol in a FEXTg/c
or NEXTg/c duration (see C.3.3.1). The following numerical formula gives the information which
duration Ngpne-th DMT symbol belongs to at ATU transmitter.

Downstream data (see Figure C.9):
For Ngm: =0, 1, ..., 344)
S =272 x Nygmt mod 2760
if {(S+271<a)or(S>a+b)} then FEXTRr symbol
else then NEXTr symbol
where a= 1243, b= 1461
Upstream data (see Figure C.10):
For Name =0, 1, ..., 344)
S =272 X Ngme mod 2760
if{(S>a)and (S+271<a+b)} then FEXT¢ symbol
else then NEXT¢ symbol
where a=1315,b= 1293

Thus, 128 DMT symbols are allocated in the FEXTg/c duration (FEXT¢r symbols), and 217 DMT
symbols are allocated in the NEXTg/c duration (NEXT¢/g symbols). The symbols are composed of:

FEXTc/r symbol:
- Number of symbols using Bitmap-Fr,c = 126

— Number of synch symbols = 1
— Number of inverse synch symbols = 1
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NEXT¢/r symbol:
— Number of symbols using Bitmap-Ng,c = 214
— Number of synch symbols = 3

For modems not using any of the profiles defined in C.4, and modems using Profile 1, duringDuring
FEXT Bitmap mode, the ATU-C shall transmit only the pilot tone as NEXTgr symbol. For Profile 3,
the ATU-C shall not transmit any signal in NEXTg symbols. The remaining Profiles, i.e. Profiles 2,
4, 5. and 6 use the dual bit map technique.

During FEXT Bitmapping mode, and-the ATU-R shall not transmit any signal as NEXT¢ symbol.

(point B) 5 superframes (= 340 frames)
1 superframe = 68 frames (17 ms) W

»
P

l Al

1 frame =250 us

i(point U-C, including synch symbol) i
' TC#0 (2.5 ms) TC#27 TC#33

e T L T I _T
| 1

ATU-R I I —
crosstalk FEXT NEXT Hyperframe = 345 symbols (85 ms) FEXT NEXT

»
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\
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‘ G.992.2_FC.7
I:I Sliding window FEXTy duration

—
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Inverse synch symbol
NEXTy synch symbol
Symbol using Bitmap-F (FEXTy symbol bitmap)
Symbol using Bitmap-Ny (NEXT} symbol bitmap)
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>l >l »
>4 » < »

Figure C.7/G.992.2 — Hyperframe structure for downstream
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