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 ��
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•   (�	-�� (,-� $��� %	&' $	"#CMTS) (7* 8��
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•  CMTS (,? @A �	���� ��<B C�� D�� ������ <�� 	� (�	-�� )DOCSIS 2.0.(  
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���<�� ��G HI2�7 �	9) 2008-2005 ( J
�	�� �K	L�K� M��I� /	�I�29 @!2�# 2006 ������� N4A ITU-T J 210 O
 ������� P �<Q� %��)R� S)�TA.8.  

  
  
  
  



 

ii   �������ITU-T J.210 (2006/11)  

�����  

�K	L�K� U�<�� P ;<V�W� X�Y� �LLZ�� ��	?7 �K	L�[� \7<�� �	]K� . �K	L�K� M��I� /	�=7(ITU-T) �^�
 �
 
K� P �!_���K	L�[� \7<�� �	] . ��<�'7 O��
�����7 (�`1��	� �I4��W� (_	0W�7 ���I��� (_	0W� ����� +A a7b0� �
7

.W	��� <��L�� N4A �K	L�K� M��I� c�`� 	&d1� �	������.  
 �K	L�K� M��I�� ��W	��� ���!G� �<]7(WTSA)* Se f�� >�g��W� ����� >��* (? ;�� >!�h f��  U	G 	6��<� U

	&d1� �	���� �<Li� U*7 �K	L�K� M��I� /	�I� ���	��� �	���<��.  
 X=� ���I�� P Dg�W� %��)j� k	I27 �	������ ��
 N4A �I2��W� X��71�K	L�K� M��I�� ��W	��� ���!G� +A ��	L�� .  

M��I� /	�= l	L�m� +!g >I� f�� �	��4�W� 	�)����-� �K	n o�� P7 p	�* N4A ��5[�� q
	�W� <�� O�K	L�K� 
 .�	�I�� <�r��4� ���7<�� �!"�W� >� U7	����(ISO) ���7<�� ���I��6-�� ��s4��7 (IEC).  

  
  
  

���	
�  

 �!4? $<Z�0�";���R� "	u ����� (�`1� ��	?7 N4A 7* �K	L�� ;���' N4A %��� ;v)�� ;��L� a<�� ������� ��
 P.  
 ��u <�I���7��	��m� ������� . ����v�R� $	-r�� o�� Xw� <= 	&* qx)k[y� z�,����7 C�,�� (�`1��� ��4�	= {�d� �<u .(

����v�R� $	-r�� ��
 >�!| <}�I��� X�
 	�<�A k[�	r ������� ��u <}�I��� @��
7 . (�2 $<Z�0
7"Se " ~�m* ��v4� ���7
 (�2 (y�".`,�
 "�4� ��2	��� 	6`��7.��v�' ������� ��u <}�I��� U* ��L�� ��
 a	!���� C�
 K7 O����� �	,4��� +A q,�.  

  
  
  

��
���� ������ ���	  

�
�-��� ��-4W� ��Ir +� zr a	!���� $v4�0
 <= 	
����� 7* ������� ��
 z�,�� U* �' �	,�#K� �	]K� .A��0
 .K7  �Z�

�I4��W� +_��I�� +� �=�� �* �	]K� %	wA* +� �wA 	u S�	� %��� 	6I�,�� �	�# 7* 	6��r[� 7* �
�-��� ��-4W� ��I� 

K �m� ��� 7* �	]K� �	������ ��<A' ��4!A �4!1�.  
 N4A �I2��W� <�A7 O������� ��
+-
 ��	]K�  ��-4T k��	�m' NI4� <=	u �,�	�W� +-� /���mK� ��%��� 	6�!] �
�-2   

� ��
 ������������ .����� +A U��7b0W� N��
 O�<r�� .
 U�-� K <= �	��4�W� ��
 U* �' k��"#7 O��� >�7  
�� ;<A	= N4A /[�K	� ������� ��
�	#	�, �K	L�K� M��I� S�-� P /���mK� ��%�@� ��	B� )TSB(  >=�W� P

/ipr/T-ITU/int.itu.www://http.  
  
  
  

© ITU 2009  

����� ��I3� >�� .�4��7 �d� ;��1�W� ��
 +� %v) �* �	0���� 5�e KH#	? .�m U��� K' z,0�  \7<�� �	]K� +� 
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 �
��
 ���� ����	� ����� ����� ���������� ���� !�" 

1  
��
��	 ���  

1.1  ��
���
 ���  

}����U	�������  DOCSIS J.112 7[ITU-T J.122]�A�0�� \	A (,? @A �	���� $	"# +� U	��d�
 {�0�_� {#�-W �	,4��W�  :
 (,-� $���(CM) (,-� $��� %	&' $	"#7 (CMTS) . �[��W �
�	W� �I,��� �	,4��� ������� ��
 �2��7CMTS �
�	!�� P 

DOCSIS .k	I,� ���,� p*� ��� �	#�-� N4A z,���7 �
�	!�W M-CMTS O[ITU-T J.212])7 ([ITU-T J.211] ���?7 
 $	"#CMTS(�	-�� .  

}���� ��	
 ��
��� ����� ����� ���� �	����� ������� ��
 ��!"#()* +� (,-� $��� %	&' : 
•  5	6)  .����� /	0�� (�-1� �2	3 .4)5edgeQAM (EQAM)7* 8 

•   (�	-�� (,-� $��� %	&' $	"#(CMTS)	
 ;�<��� ����= >� 7* 8��
��� ���� ���� (-� ��� 

•  CMTS (,? @A �	���� ��<B C�� D�� ������ <�� 	� (�	-�� )DOCSIS 2.0.( 

2.1  �	���
 �
�����
  

�	��� P ��4�� �	-,1� ;<!��W� (,-�� ��� ���� �	��	� P �	2[�m� <)�� . 	�)����-�� ���	�m ��[� (!1� ���7
�7* 	� O�
�	W� �I,���i
 K7 �
7	0�� �
��4C�,�� (�`1�4� �4�	= U�-� U* S . >
5�� p	�* N4A a7�� 	�)����-��� �	�m $�I
7

 ����= $�<Z��	� {�-
���� P �1��� ��	
 ���@�� �<��� ��
v�4�MHz 6 . p	�* N4A �	y�� 	�)����-��� �	�m $�I
7
����= $�<Z��	� ���7�7* ;�<��� ���@� ��
v�4� >
5�� MHz 8 .7 ��
v�4� >
5�� p	�* N4A ��	y�� 	�)����-��� �	�m $�I


 ����= $�<Z��	� �	�	
 ���@�� �<���MHz 6 .K �I����� (-�
 U* +� Xx��	� O��	3� M�# ���	�B� >�!G �2���7  M-�

��
 �
7	0�W� �
��7�� .i
7��� $	0=�� P ���	�B� ��
 +� a7�� �	�B� �57 67 7� Oi
 ��	y��7 �	y�� 	!����� a�<,��	� U	2

 ~��VT {!0I�� +
�
 ~���{IV4W� A7 B\����� N4A  .k	I�	��7 z,��
 O���� [ITU-T J.83-B]7 [CEA-542-B] �I2 
 z,��
7 Oa7�� �	�B� N4A[ETSI EN 300 429] z,��
7 O�	y�� �	�B� N4A �I2 [ITU-T J.83-C]��	y�� �	�B� N4A �I2  .

�� ������� ��� a	y��K� S4��
7i�	�<r�7 +� �y?* >� ;�7�w�	� M��7 O�m� ����� >� (=�� N4A <r�7 z .K7 i
 U* S4�
 f�� ��v�6s��� U�-� ,i��� <r�7 �	�B ��0¡!-k	�4m�� (+
�m¢ ���,W� ��v�6s��� .  

 ��	
 ��
��� ����� C�� D�0� z�	��� 5	6) U�-
 <=DRFI;	�= 5	6) �
  ;�<��� ����= 5	6) U�-
 <= 7* O�I2 ;<�r7 
�m �2	�� <r* N4A H=��� M�# P ��	
 ��
��� ����� ;�<��� �K	£ 7* ;<r�7 ��	£ <���� N4A ��	=¤���
����� ������ ¥ .

 U�-
 <=7EQAM (,-� $��� %	&' $	"�� (-1� ;<r7 )M-CMTS (i
7 <= 7* �A�0�� ���	A �	���� ��<m X�40�� $<Z�0
¦ S4��� <�A �
<�2 $	"# 7* .!=� �
<�2 U�-� $<VoD)({?��1W� �' ���	A ��A�# �� .!=� �
<�2 X�40�� $�I
 ��� O .

 $�<Z��� +-!�� �	����W� ��
 H`��7EQAM�#7§�� �	�<m X�40� �	
�
�	��� +� (? 7* �* P %��� <�= U7�  .
 C��7"�#7§�� "#* �-,W� �	1�#K� P���� U	? ��'  ����= �� ��
��� ���� ¥�m �QAM +-� O;�<��� � o�,�� ����I X�40�

 	!��� �A�0�� ���	A �	���� $�I� <=.!=� �
<�2 X�40�� ~�m* ����= .-̈©7 O(,I�0W� P �	��<Z��K� o�� �����W� ��
 +
 ;	�= ª�	1� ��rQAM<� M�# P .!=� �
<�27 �A�0�� ���	A �	���� {� �	�# c�A ;<�r7  (I# z2MPEG.  
 (,I
 Ok	���6��7EQAM �4�7 @A (m� Ethernet (I# z2<� P �4����� �	���W� (�	-�7 OMPEG +� ��	£ (-1
7 O

4̈0
7 O��
 �	����W� S0r O��
��� ���� �<�� �K	£��	I�� ��
��� ���� ¥�B <�r7 (��� �' ��	!3� X >�� >� X
-̈1W��[.  
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�� ��#	-�' O��L�W� +�7 ��
��� ����� ;<�r7 ;	�= $�<Z�EQAMH=��� M�# P �
<�27 �	���W  .;	�= U* S,0��7  
  ��
��� ����EQAMi� U* +-�  ���	
 ����=7 �	���W7 .!=� �
<�2 +� (-� 7* �* P $<Z�0DOCSIS p	�* N4A 

[ITU-T J.83-B]7 {�-
���� P (,? �	-,1� [ETSI EN 300 429] P ;�1��� (,? �	-,1�7 	�7�7* [ITU-T J.83-C] 
U	�	��� P (,? �	-,1� . >� �I�	��W� ���	�� ����I�� N4A7[ITU-T J.83-B] ��
��� ���� ;	�= {� �[�mK� U�-
 O

EQAM ��
��� ���� ;	�=7 �
<�2 ��4�* P �4�	A EQAM �	���� ��4�d� �4�	A DOCSIS �
�1��� z!A �
 ) �"#�
{��I��� 1.3.67 3.3.6 .(�7 �	���� ��<DOCSIS«? ��4�d�  �	0r N4A (Vg �
�1� z!A $�<Z��	� o�Z�� U�!

�
	£ �I�� . �	���W +-�7DOCSIS 	�4��� �I,��� �K�?��7�� S4�� Oa	��R� P d�m �<r ��' S,0� ��
 (��� U* 
�L=	��� �	���W� a	��' ;�	A' .r ��	#@�� P a	���� >�	�� U�-
 O�
<��4� �,0��	� 	�* S������7 H=��� +� (-� p	0

K7 a	��R� ;�	A' +-� . �y?* ~��� X40
7 ;<� �y?* �
	£ ;��� q2��� z!A* �
�1� z!A �
<���� $<Z�0
 OS,0�� ���7
;�	0m U7� ��	#@4� .U�!-�� P �
 �
<���� ��2<
 ���� %�vG�7 . +� ��* +� %�v)* >w,� �4�	-� ��	#@�� ~��� �md�
7

O��#	y����	#@�� �<
	1W ._�� qx �
7  .
 �
�1��� z!�� �g�	��W� �	,4���7. © f�� ��
��� ���� ;	�= >�EQAM ;<�r7 
 �	���W7 �
<��� �)7 (y�* N4A 	6��<Z��� +�DOCSISH=��� M�# P  .i
 O��� >�7 $<Z�0CMTSk	
<�4I� (�	-��  

 �	���W ����TDOCSIS.  

2  ��	��	  

1.2  ��	
 ��
�	
����  

 +!w���� �	����� ���	��� /	�I�K	L�K� M��I� k	�	-r* >)��W� +� 	
qx7 (-1� a[m +� ;�	�R��
 P 	6��' �  ¬���
 +� *vs�
 K k�%v)������� ��
 . �	�,��� >�� H#	? <=7 ;��?�W� �
�	� ��r[L���1��� H=7 P .H#	? 	W7 >�� 

~�m�� >)��W�7 �	������>w� � �' ��)��WO +� N)�
 ��,� �<r* z�,�� �' .�0�� ������� ��� {4!��0W� >�� 
>)��W�7 �	����4�~�m�� �	#�* ;������  .i�7 /	�= �	���� �!_	= $	"�#	� �1� �K	L�K� M��I��
�	0����r[L�� . 
�I��7 �' ;�	�R�7 ���� ��� 	­�� <r P �I����� N4A .�w
 K ������� ��
 P 	����.  

[ITU-T H.222.0]  ITU-T Recommendation H.222.0 (2006) | ISO/IEC 13818-1:2006, 

Information technology – Generic coding of moving pictures and associated 

audio information: Systems. 

[ITU-T J.83-B]   ITU-T Recommendation J.83 (1997), Digital multi-programme systems for 

television, sound and data services for cable distribution. Annex B: Digital 

multi-programme System B. 

[ITU-T J.83-C]   ITU-T Recommendation J.83 (1997), Digital multi-programme systems for 

television, sound and data services for cable distribution. Annex C: Digital 

multi-programme System C. 

[ITU-T J.122]   ITU-T Recommendation J.122 (2002), Second-generation transmission 

systems for interactive cable television services – IP cable modems. 

[ITU-T J.211]   ITU-T Recommendation J.211 (2006), Timing interface for cable modem 

termination systems. 

[ETSI EN 300 429]  ETSI EN 300 429 V1.2.1 (1998), Digital Video Broadcasting (DVB); 

Framing structure, channel coding and modulation for cable systems. 

[IEC 60169-24]   IEC 60169-24 (1991), Radio-frequency connectors – Part 24: 

Radio-frequency coaxial connectors with screw coupling, typically for use in 

75 ohm cable distribution systems (Type F). 
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2.2   ��
�������!  

[ITU-T J.212]  ITU-T Recommendation J.212 (2006), Downstream external physical layer 

interface for modular cable modem termination systems. 

[NSI]    Cable Modem Termination System Network Side Interface, 

SP-CMTS-NSI-I01-960702, 2 July 1996, Cable Television Laboratories, Inc. 

[M-OSSI]   Modular CMTS Operations Support System Interface, 

CM-SP-M-OSSI-I02-051209, 9 December 2005, Cable Television 

Laboratories, Inc. 

[CEA-542-B]  CEA-542-B: CEA Standard: Cable Television Channel Identification Plan, 

July 2003. 

[CMCI]    Cable Modem to Customer Premises Equipment Interface, 

CM-SP-CMCI-I10-050408, 8 April 2005, Cable Television Laboratories, Inc. 

 [ERMI]   Edge Resource Manager Interface, CM-SP-ERMI-I02-051209, 

9 December 2005, Cable Television Laboratories, Inc. 

[Article 23-(1)]  Regulations for Enforcement of the Cable Television Article 23-(1), Ministry of 

Internal Affairs and Communications (MIC), Japan. 

3.2  ��
�	
 "�� �#�$
  

• Cable Television Laboratories, Inc., http://www.cablelabs.com/ 

• EIA: Electronic Industries Alliance, http://www.eia.org/new_contact/ 

• ETSI: European Telecommunications Standards Institute, 

http://www.etsi.org/services_products/freestandard/home.htm 

• ITU: International Telecommunication Union (ITU), 

http://www.itu.int/home/contact/index.html 

• ISO: International Organization for Standardization (ISO), 

http://www.iso.org/iso/en/xsite/contact/contact.html 

• MIC: Ministry of Internal Affairs and Communications (MIC), 

http://www.soumu.go.jp/joho_tsusin/eng/index.html 

3  ������� ����
��  

���	��� �	V4�LW� ��
 ������� ����:  
1.3 (ceil):��I� «����7 ��<A �I0�� k�;�<��� ��K� ��=* 7* D�V� �<A ��=* �'  .$�<Z��K� : �I�)��K� O�<A.(  
2.3 (CM): -̈1�(�# N4A �K	L�� �	���� (I# P $�<Z��K� ��� <LI�� {?��1W� +?	�* P (�-1��� (
v� $	"

(,-� U�
v�4�.  
3.3 (CPE): ��<B� �2�� 	
�2�
 <= 8(!��0W� �	I� ��� P ��v�6h.  
4.3 C/N) �
 (CNR: ;�<= �,0# ;�	�'p	�= �	�# c�A P %	g�g ;�<= �'  i����� .O.!=� (�-1�� �,0��	�7  

CNR = Es/N0Oc�A P ;�	�R� ;�<= p	I�7 8%	g�w�� �2	y? �' v�� (-� �=	��� �,0# ��I�7 Oa�`1W� �	����  ;�<= M
(�-1��� a<�� �	�# c��� %	g�w�� . �
<�2 (�-1�� �,0��	�7NTSC �
 %	g�w�� p	�= �	�# c�A U�-
 O.4�	© MHz 4.  

5.3 (dB): �e�k	�g	
� q,����  ;�<I� {
��0� �,0# +A � dB = 10log10(POUT/PIN). 

http://www.cablelabs.com/
http://www.eia.org/new_contact/
http://www.etsi.org/
http://www.itu.int/home/contact/ index.html
http://www.iso.org/iso/en/xsite/contact/contact.html
http://www.soumu.go.jp/joho_tsusin/eng/index.html
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6.3 (dBmV): (,�0
<�	� ��
��� ���� ;�<= ;<r7 �' ��,0# 1 @A H����� +� ��* +� %vG 75��r O$7*   
dBmV = 20log10 O) P �!�=mV/1 mV(.  

7.3 (dBμV):  �' ��,0# (,�0
<�	� ��
��� ���� ;�<= ;<r71 @A H����� +� U��4� +� %vG 75 ��r O$7*   
dBμV = 20log10 O) P �!�=μV/1 μV(.  

8.3 EIA):( i� {s��W� +� ��A�� �^�
¡�®<	
�1��7 q
	�� O~�m* ��1#* {� +� O. 
9.3 (EQAM):��!=� �	���� 7* �
<�2 $5� (,I�0
 ��� 5	6) 7* p*� ���  . P �	���W� 7* �
<���� ¯5�� <��
7

 (I# z2<�MPEGk	�!=� (-1
7  .����� /	0�� (�-1� $�<Z��	� ���	
 ��
��� ���� ��	£ �' .!=��� (I��� z2<� QAM).(  
10.3 (FEC): �K	L�� $	"# P %	�m�� P X-V��� ��� +� ��� . (��
7FEC �	���W� >� ����	���� �	��4�� 

	6V�VL�7 �	���W� +� <?d�4� (,I�0� 	6�<Z�0
 U* +-� f��. 
11.3 (HRC): ª��1� >)�T �I4��W� �K	!3� >�� >� (,-� U�
v�4� $	"# N4A ����I�� ;<A	,W �I
��. 
12.3 (HFC):  p*� ��� {� ��L� ��� �	°	I� $�<Z��	� �_	���� X�	I�� a	��' $	"�� �	hK� ._	�� o
�A �	�#

 ��Q� <V�� (,? >
5��7 O����� <IA7+_	�v�� +?	�* �' ����� <IA +�. 
13.3 (IRC):  U�
v�4� ����I� ;<A	,� �I
��NTSC±r ���	Z�� ����I�� >�� ��2 U�-� (,-� U�
v�4� $	"# N4A  

kHz 12,5 �
�	��� ;	�= ��² z4��
 	!�2 [CEA-542-B] {�	�I�� %	�y��	� 57 6.  
14.3 MAC):(  �L�A �' ;�	�j� $<Z�0�2 (���� (!1
 $	"# P �I,�4� DOCSIS��
�1�7 .  
15.3 (MER): d�m ;�<= ����� �' v�� ;�<= ����� �,0#. 
16.3 )M/N:( �V�VL�� ��<A�� �=[A M,N (y© f��  ��0�_� ���	I�� a<�� �' ���	
 v�� ���	I�� a<�� �,0#DOCSIS.  
17.3 (MSO): 7 �4�� �0�b� U	�?/(,-� <r�7 $	"# +� �y?* (`1
 7*. 
18.3 (NTSC): ���	!1�� 	-
��* P �A��R�7 U�4W� U�
v�4���7 ��4�	!��� q
	�W� ���� f�� ��s4�� . z0# q
	�� .!0�7

 U�
v�4�� �
<�2525m k	�N4A %	�� ���	!1�� 	-
��* P ��
v�4��� a	��j� ��
 ��s4�� . 
19.3 )NGNA LLC:( ��? �?�� P �[,-�� �A	�� ��0� $�	I�� (�G� �-,� �
�	!�T �
���4� �[,-�� �4`1� 	&

a	!A�� �	,4���7 (,I�0W�. 
20.3 (PMD): 	�� ����5 7* �	�� a	���� z4��� �
�	� �I,�� ��A�2 �I,�´* @A � {� a	��' �4�7 +� ����� �	�!"#* 

a	L�K� X�"��7 ��-�#	-��7 ��_	��6? ��%��)' +!w�� �r����. 
21.3 (QAM ch): �	��4�� (I�� .����� /	0�� (�-1� $<Z�0� ��4�	© ��
��� ���� ;	�=. 
22.3 QAM):(I# <�A �����7 ��4�	!��� ;�	�R� /	0�� 	6�2 �7	��
 ��r (�-1� ���I� ��!=� �	���� (y� O�	��4�� (.  
23.3 (RF): %��!3� H] ���* %�w� ���� (=* �' �4�4= ��v�q
�4�? +� .0���`��6? ��� +� %v). 
24.3 (RFI): <A	�7 ��	
 ��
��� ����� ����� ���� N4A ~��µ D4�L�. 
25.3 (RMS):����� ���� �!�= ����W .����� ��) . 
26.3 self-aggregation: 
�� 5	6) +� ��	I� %	g�g >� ������ p*� ���� %	g�g ��* �	03 ��<Z�0� �I

�<� ¥�m ���� �<� @A <�r7. 
27.3 STD):(  U�
v�4� ����I� ;<A	,� �I
��NTSC(,-� U�
v�4� $	"# N4A  i���� P �[CEA-542-B].  
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28.3 (UCD):  ;���' ��	��MAC�' ;<A	� �
�	� �I,� �	��	m a	��R $<Z�0� �[,-� �	���� . 
29.3 (VoD): ¶-� $	"#.4A	�� U�
v�4� $	"# a[m +� �-,� @A ��
<�2 ���� ;<
	1�7 �	��m� +� ���2�� +. 

4  ����
��	� �	�����	 

1.4  %
����	
 

 $<Z�0� ��
���	��� ���L�ZW� �������: 
CMCI   C�� D�0� (,-� $���CPE) Cable Modem to CPE Interface(  
CMTS  (,-� $��� %	&' $	"#) Cable Modem Termination System(  

CW  ;�!�0� �)��) Continuous Wave(  
dBc  ��	£ ;�<I� ��,0# �[,�0
�) Decibels relative to carrier power( 

DEPI  ��)�	m �
�	� �I,�� ��	
 C�� D��) Downstream External-PHY Interface( 
DOCSIS  �<B C�� D�� ������(,? @A �	���� �) Data-Over-Cable Service Interface Specification( 

DRFI  ��	
 ��
��� ����� C�� D��) Downstream Radio Frequency Interface(  
DTI   H�=��� C�� D��DOCSIS) DOCSIS Timing Interface(  

ERMI  ���� �
<� �2	3 C�� D��) Edge Resource Manager Interface(  
M-CMTS   (,-� $��� %	&' $	"# (-1�)Modular Cable Modem Termination System( 

MPEG  �?�V�W� ��L�� %�@m z
�2) Moving Picture Experts Group(  
NGNA   �"#� O$�	I�� (�G� �-,� �
�	!��NGNA LLC) Next Generation Network Architecture( 

OSSI  �	�4!��� XA� $	"�� C�,�� D�0��) Operations Support System Interface(  
PHY  �
�	W� �I,���) Physical Layer(  
ppm  U��4W� +� %�v)*) parts per million( 

Q  .����� (�-1� U�-�) Quadrature modulation component( 
S-CDMA  0I�� �<��� �	�#�+��v�� ���� X) Synchronous Code Division Multiple Access( 

2.4  �%�&��� 

"��" O"����"  	6���7 �!4-�� ��
 a<�"���4�� " ��
 P �I4�� �	,4��W >w¦ <�,�� U* N4A
�������. 

"�
 ��" O"�
 ����" ������� ��
 P z4�� �"3 >w¦ <�,�� U* N4A ;�	,��� a<�. 
"�����"  ��L�� 7* �!4-�� ��
 C��"	u N��� " o�� P �6�)7 �	,�* <)�� <= �#*

 +� ��	�x' N4A S���
 	� (? NA��
 U* �<e +-�7 O<�,�� ��
 a	�xR �7�"��
�m� �	0� �	��m� (,= U	���� ��	3� p�<i� U*7 �	�	-�#�. 

"�
 �����"   ª�40�� �	,�AK �7�"�� o�� P �6�)7 �	,�* <)�� <= �#* ;�	,��� ��
 C��
 �<e +-�7 Ok�<��� ±r 7* kK�,I� +}��W� ��?�W� N4A S���
 	� (? NA��
 U*

 ��
 ª�4� �* ����� (,= U	���� ��	3� p�<i� U*7 O�	�	-�#� +� �� �m��
�°���� ��
 P ���7.  
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"���"O" ���" O"���"   ��L�� 7* �!4-�� ��
 C��"��	��m� "k	Ir ��	��m� <�,�� ��
 U* . �	�¦ <I2
* ��}��� ��� P �,4�� k��"# <�,�� ¥���' ����� {r P O����W� ��	r +� 5v�
 �#� 7

¦ <=<�,�� M�# a	�x' �m� ����� �	�.  

5  ����!"��	 ��#	��$%	 

(,? @A �	���� $	"# (�`1� c��x� U�-� U* c���W� +� O(,-� U�
v�4� ��� ¬_	Lm X0I�� ��
 �L
 . M�� �
7
k	��7 �	!4�W EQAM 7* CMTS .,? @A �	���� $	"# U�-
 U* Se7 ��
 P ;������ �^�,�� P C�,�� (�`1�4� (�	= (
X0I��.  

 �I��W ��#	= S4��� �* >� c�	��
 7* O~�m* �	�<m >� ��%��� 7* ���� ��B X0I�� ��
 P >)�� ª	�
 U�-
 	�<�A7
��I,��� qmY� U�-
 O��4!A . ��4�	© ���	�R �?� �*7� NTSC ����= P MHz 6K  �	�R� ��
 U* C�
 ;��)�� ��

k	
�	�. 

1.5  '��� (��) *! +�,) �-
. 

 �	�# �	�# �-,� ��)7 c���
<V�� ��� N4A �!_	= o
�A . 7* ;<V�W� �7	Q� >�!G �-,� 	�' (-� ��
 �md
 <=7
��� {s
/��Q� <V�� .D4�LW� $<Z�0
7 .A����� "-,�(,-� � "�K	3� >�� (!1�� 	�
. 

	I�� ��7 (,-� �-,� $<Z�0� �
�	!�� OX�"/�27 ;�s�".4�	© a	��' >� O . P ��0�_��� ��4�`1��� ¬_	LB� c����7
.4
 	� ������� ��
: 

•  8�	hK� ._	�� a	��' 

•  ��L� .L=* <A	,�/ 5	6) {� ._	��6?DRFI (,-� $��W �2	0� <��*7 z�	��� 100  +� Xx��	� O�	h� (? P (��
 U�-
 <= (L2 .L=* U*15-10k[�� 8  

•  ��L� .4g	�� <A	,� .L=*/ 5	6) {� ._	��6?DRFI �2	0T �	���� <��*7 ��=*7 z�	��� 100 (? P (�� 
 �2	0T �7<� ��
 U* +� Xx��	� O�	h�15k[�� . 

 \��r ��� P �	1�#� �A�� <�A1,5$<= /ns +A ���
 O100� +� (�� �k	�	
� �	1�#K� H=7 P qmd� �	h� (? P ��4k	�	
'7  
 \���1,6 ms . (�
���� �"#� O�	��4�W� +� <
vW7VIII +� [ITU-T J.122].  

2.5 %
/�01��
 %�2
��3
 

1.2.5  !!"��� �#$ 

 {� (=* �2	� �7�� �	�# �� (,? $	"# U* c���
 O��	�� �	hK� P507 MHz 54 P 	6�-�7 ������� �4I�0� 	�4A �2	r7 
 +� ~<�300 �' MHz 870 . �	�# P7 .4�	© U�
v�4� ���	�' ��)7 c���
 O��� �7�W�NTSC ����= P MHz 6 

 ���� ��B(STD) OHRC 7* OIRC�	���� �w
�A7 �	���� �I�g ��!=� ���	�' ���?7 O�
�	��� . 

2.2.5  %"$
 &�'*$ +' �',-.� 

 <)�
 U* SeCM7 EQAM 7* CMTSk	�� [y� O(,-� �-,1�� N4A ~�m* �	�<m >� : 
 * (  e C�,�� (�`1�4� ¬L� (,? ��� P C�,�� (�`1�4� {4�	= 	#�-
 U* S� EQAM 7* CMTS-CM U�-
 	!��� O

kK�`1� (,-�� ��� U5���8~�m* ���	�'7 ��#�
v�4� ���	�' +� ��4m �d�  

�(   N4A /5�W� ¥�	m ��� P (,-� �-,1� �LL� ~�m* �	�<m �� ;�	g �[m�<� 	,,0
 U* Se KEQAM 
 7*CMTS .�#* N4A qm�� X6�
7: 
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(1   p	�I4� (�	= qx �	�·�)��%[!4� ~��0� .4A*(7* 8 

(2   �	�<B� >�� �	�·K .?���R� ~��0W� +A (I
 K �	�·�)��%[!4� ����� 7* ��	��� ~��0�(7* 8 

(3   �A	�L�� 	64,I� f�� 	�#<�� �	
��0W� +A (I
 K �	�·�) O(y�FCC�
<���� �	�<B .4�	!���  ( ��2�� 7*
 ~�m* ��<m)��%[W� +� ��* ~��0�.( 

3.2.5  ��"$/ 0�12�3' 4�5 6#$ 7�5 "8
 

 {A P d�m avA ��%��)'7 ;�<��� �	I# �' ��I# +� $	"# �m* .`,�
 O�°	I�� �_	�7 N4A �
 ��	�� a	��R� U* 	T
4A d�m avA ��%��)'7 %	�mY� (!�Q� �	w�� ��Y� �	,�AK� �
<�27 (,? @A �	���� �	�<B +
<
<A {4!��0� N

~�m* �	�<m7. 
 X0I�� �"#� O�	w�� ���� q0���72.2.5�[A* . 

3.5  ��4�5 ��6 %�2
��3
 

 �	����� �
��� ¸DRFI >� X0I�� ��� ���	
 ��� �	g���2�.  

1.3.5  7�9�;� &����3' 

 ;�	�R ��°� ;�<= ~��0� �<6�0
)���	�' (��� ���� ;	�= P ��	
 ��
MHz 6) ;�<= ����� (~<� P U�-
 U*:  
dBc 10–  �'dBc 6–k	�,0# O .4�	© �
<�2 ��	£ ~��0W );�<= ;7�� (.4�	© �
<�2 ��	£ ~��0� ;�	A 57	s�
 K7. 

2.3.5  !!"��� <�5  

 ;<A	L�� 7* ���	�� �	
	hK� P %��� a	��' q0� P ����� M-A ª	�
 U�-
 K)� O�* ��q�`� ���' <�A ������ P ���	e
¥�B� <�A ���� P ¹	e� q�`� P (,-� �-,� (m�.( 

3.3.5  ��1=�� ���8�> ?��= @�A 

i�2� O������� ��
 >g7 <�A �1# c�119p*� ��� P ��!=� ;	�=  . �	0r c��x�7CNRi�2� O��4�	© ����= �
	£7 O c�
������ N4A >g�� ��4�	!��� ����I�� U*��!=��� ����I�� (�	I� O;	�I�� �,g <�A (=* .  

4.3.5  ��8�> ���B C*D 

 ����� ��<
* <r* U'DRFI �
	!3 ��LIW� º��� <3� q2�� �
 CNR ��4�	© ;	�I� dB 60 ��!"# ±r �1�� 119 ;	�= 
QAMO DRFIz�	��� . 

 U�-�� ��!=� ����I� �4��W� ;�<I�� ~��0� U* ������� ��
 c����7dB 6 ��_�� ;�	�R ;7���� �[x ;�= +� (=* 
 a	��R ��	��W� ��1�� �
7 O��4�	© ����I�256QAM .k	w
* c���
7 ������ N4A ��4�	!��� ����I�� >w
 ;	�I�� �,g U* 

��!=��� ����I�� (�	I� (=* . �,g $<Z�0
710*log10 (6 MHz/4 MHz) ����I4� %	g�w�� �	�# c�A ��2 �	03 
O��!=�����4�	!��� ����I�� (�	I�  . <�,�� P �����W� �7	0� O�[A* c���2K� >�75 a7<G� +� 5-6 $	"# 119 ;	�= QAM 
 �
	!3CNR ��4�	© � dB 60. 

6  ��&�� '(�)�� ��*�� ��+�$ �,�- �./	�� 

1.6  ��
���
 ���  

 X0I�� P ���' �	1W� 	�)����-�4� a7�� �	�B� N4A X0I�� ��
 z,��
1. �' >)�� O�	y�� �	�Z4� �,0��	�7 zV4W� A.  
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 ��_	��6-�� ¬_	LB� ������� ��
 ����� DRFI 7* (,-� $��� %	&' $	"�� edgeQAM (EQAM) . ������� ��
 <L=7
 5	6) �
���DRFI �* >� (!�
 U* +-� (,-� $��W ����� �* U* ��� OC�,�� (�`1�4� (�	= z�	��� EQAM 7* CMTS .

� M��7�<� ����� �* C�� U* ������� ��
 +� <LI� . (-1�� {,
71-6 (-�
 M-CMTS����,�� �r���7 . 
��I,��� qmY� U�-
 O��4!��� a	» ��#	= S4��� �* >� c�	��
 O.1�	
 �� �' X0I�� ��
 P ;�	�R� <�A7.  

  

  
� E�F�1-6 G ,�HI ��J�� ��K#�' ��L� ����M N�#9� ��O� E��M �!�'  

 �-,� S#	G C�,�� D�0�� z��
CMTS NSI) ( �	�4!A XA� $	"�� C�,�� D�0��7CMTS .4)5 M-OSSI) ( C�� D��7
 ��
��� ����RFI) ( C�� D�0� (,-� $���7CPE CMCI) ( �	���� PDOCSIS)  X0I�� �"#�2.2 .( D�0�� S4��
7
 H�=��� C�,��DOCSIS DTI) (0��7 ���	
 ��)�	m �
�	� �I,�� C�,�� D�[ITU-T J.212] ��	
 ��
��� ����� C�� D��7 

)������� ��
 ( ���� �
<� �2	3 C�� D��7ERMI) ( ;�<� ;<
<) �	������ M-CMTS (�G� �-,1� �
�	!�� �^�� P 
 $�	I��NGNA).(  

2.6   (7�3edgeQAM (EQAM) 8� CMTS 

 U'EQAMkK7* �
 (�-1�� ;<r7  +� z�1� ��
��� ���� a	��'7 CMTS<r��  . U* S,0�7CMTS %�v)* �' X0I� 
 ¥	�µ O��<r��� P �#�-�EQAM ;<r�� <
<) C�� D�� �' modular-CMTS (M-CMTS) MAC . C�,�� D�0��7
 C�� D�� �
 ��� <
<G�Ethernet 	!? Oi
�<V P �[ITU-T J.212] >� a	L�[� ��4�� OEQAM¢� <��,�� U .i�7��� �

 �	,�?��DEPI �	#�-� �* ���?7 S�?���� <A��=7 �KK� X4A7 EQAM z_	�7 P �G	��7 ;<
<) DEPI.  
k	w
* +-�7�  EQAMsk	���� D�0� U*  C�� D�� @A O�
<�2 .�7<m >� Ethernet2̈�
7 O ��	
 ��
��� ���� a	��' �

.!=� �
<�2 �	�<m X�40�� .
�7�w�� �K�?��7@�� U' @A �
<�2 �	�<m ������ �EQAMs ¥�	m .
 z�,�� a	n ��
 
�������.  

i�7������� ��
 P ;<
<) ;<
<A �	��	m XA< .K7  �	���� M-��DOCSIS 1.x7 2.0  ����= XA� N4A {�_	,�� ;�<=
��
��� ����� ��	� ���� (-� ��
��� ����� ;�<��� .�`1��� �_	����7 �	,4��W� ������� ��
 $<I�7 +-© f�� ��4EQAM 

 7*CMTSk	V)	# U	? ��'7 Op	I
7 @�¦ U* ��
��� ����� ���� (-� ;�<��� ����= >� Oi
 O��IM.  

 ��� ���
 �	
�  
�
����  
(NSI) 

J.210(06)_F6-1

EQAM

�
�	 
���  

�
������
����� �������	� 

��� �
������
(OSSI)

 ���� !�
� ���"
 #
$" ��%�&' ���

(��) (CMCI) 

��*+� ��� ���
,�
- .�/��#
(DRFI)

���" 
!�
�  
(CM)

HE�
�0 ,�1 
2�� 34-/67+"

#�8�(HFC) 

��%�&'  
(��) #
$"  
(CPE) 

��� ��� 
# ��*+�.�/��  

(RFI) 

9�:�; �<6=
DOCSIS 

9�:�; ��� ���  
DOCSIS (DTI) 

�
�0  
����< �$��"

%>*" 
M-CMTS

�$��� ��� ���
 ���#
= �/�
"

���
- (DEPI)

 ������
�	
� 

*/6"  
�#�" �?
@

����� ����  
��A�?
@ B#  

�#�" (ERMI) 

��� ��� M-CMTS

 ��� ���DOCSIS*=C 
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 �,0��	�7� M-CMTSK O k[6� ;<r7 +��v� U�-
 >� 	!? CMTS(�	-��  . �<�7DRFI z�	��� EQAM H�=�� ���� 
¶-�7 �?��1� ���	I�� >
5��� ���	A �=� $�<Z��� +� ��H�=�� ���	�' . ��
 D!0
7� EQAM OS��	��� >�� $<Z�0
 U* 

 ��4�* ��� P 	TS-CDMA>
5���� $	"#7 ��)�	B� ���	I�!4� o�Z�W� ¼	���K�7 \	��� ���I��K� S,0� O .i
7��� �
 H�=��� C�,�� D�0��DOCSIS P [ITU-T J.211].  

3.6  9#
:
 

1.3.6  P��Q� 7�R�S�"M 

 z�	��� U* Se ��A���� �I,���PMD >� ���	�� [ITU-T J.83-B] X0I�� %	�y��	� O2.6.B .i�7��� X0I�� P ��1� �	!A* �
3.3.6 . ��
��� ���� ;	�= N4A ;�2�W� �	���W� ��<m N4A {�� ��1� z!�� z�,���� ��4�	= <!���7QAM�����  . ��4�	= U'

A �A�� �	���� qx O��<m X�40�� ��1� �	!A* z�,�� ���	DOCSIS ¥�	m .
 Oz�,�� a	n������� ��
 .  

2.3.6  T�#�� U3V 

 ;	�= (-� ��	
 (-1� N4A SeQAM�  EQAM 7* CMTS ��
��� ���� ;�	�' z0# �2�
 U* O� S(t) = I(t) cos(ωt) + 
Q(t) sin(ωt) ��r t7 H=7 N4A a<� ω ��r O��
��� ���� �
7�5 ���� N4A a<� I(t)7 Q(t)��� �	#�-� .
  �	��� ����

 �V��� ;<A	=Root-Nyquist P ��
 	!? O�,?�-� [ITU-T J.83-B].  

3.3.6  ����5 �5"9 &��#2'� ��*�W &�'*$ X5*� Y��*��� EM�K�� "�ZF��� 

 XA<
 U* SeCMTS ��A�2 �I,� 7* PMD ���	
 EQAM�̈1� q`�� z!A � .i�7��� �[ITU-T J.83-B] ��1� �	!A* 
 a7<G� P q`��B.2/J.83 ~��0� O2�
�1�4� .  
 XA<
 U* SeCMTS 7* EQAM {�7<G� P ;������ ��1� �	!A* �A�!n 1-67 2-6 . .4�`1��� �2����� �	,4��� ���7

 X0I�� P �
�1��� �	!A�2.1.5.3.6 <�,�� O1.  

 7�*[�1-6 G\
]�' ^�1�� �ZF' _�15
  

����  
���	
� 

�
�� ����  

���	
� 

�����  

���	
� 

64QAM 

Msym/s 5,056941 

6��� ��
 ��	�   

256QAM 

Msym/s 5,360537 

8��� ��
 ��	�   

���� ���� I J 
	
��  
	��
 

���� 

	
��  
	��
 

���� 

1001 8 16 μs 5,9  ms 0,22  μs 4,1 ms 0,15  
0111 16 8 μs 12 ms 0,48 μs 8,2 ms 0,33 

0101 32 4 μs 24 ms 0,98 μs 16 ms 0,68 

0011 64 2 μs 47 ms 2,0 μs 33 ms 1,4 

0001 128 1 μs 95 ms 4,0 μs 66 ms 2,8 
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 7�*[�2-6 G,�A�`�� �' ���B �Ka"� ?*.� ����b �ZF' _�15
  

����  
���	
� 

�
�� ����  

���	
� 

�����  

���	
� 

64QAM 

Msym/s 5,056941 

6��� ��
 ��	�   

256QAM 

Msym/s 5,360537 

8��� ��
 ��	�   

���� ���� I J 
	
��  


	�� 

���� 

	
��  
	��
 

���� 

0000 128 1 μs 95 ms 4,0 μs 66 ms 2,8 

0010 128 2 μs 190 ms 8,0 μs 132 ms 5,6 

0100 128 3 μs 285 ms 12 μs 198 ms 8,4 

0110 128 4 μs 380 ms 16 μs 264 ms 11 

1000 128 5 μs 475 ms 20 μs 330 ms 14 

1010 128 6 μs 570 ms 24 μs 396 ms 17 

1100 128 7 μs 664 ms 28 μs 462 ms 20 

1110 128 8 μs 759 ms 32 μs 528 ms 22 

k	!_�� M-�
 X-] �!4? P ��1W� O��1� z!A 4 (�� +��v� (s0� P ;���7 �	�� FEC��	,W� \	��� (���� P ��1��� O .
 <�� �	���� (��� ��1W� ;�?�� 	!��� %	�m�	� D!0
 O��� �' �2	gR	�7�
�1��� P q`� ��K�.  

 �' >)��[ITU-T J.83-B]$<Z�0
 �
�1� ��4�* �* <
<V�� ���4�W� �,=��W� ��� �	����W . 

4.3.6  �#M�D !!"S �#$ 

��2 (!�
 (,-� $	"# 	6�<Z�0
 f�� ������ ��B ���	
 ���� ��m (y�© U* .`,�
 .k[y!2 7* 8��I2��� ��	£ ��
 U�-� <= O
;<
�v�� ��	£ �K	!3 ���	!1�� 	-
��* ���� ��B �
�	��� 7* QAM��!=�  . >�� ��4�`1��� �������� (!1� U* 5�e7

 +� v?�� ������ ��� P 	T7 O{� ����I��MHz 57 �' MHz 999 . {� 	� ��4�`1��� �������� (!1� U* Se7MHz 91 
7MHz 867(=�� N4A . 

5.3.6   c"$DRFI�d�M"e���  

-� U* +-� U�EQAMs 7* CMTSs{�v�!�� {�`�� P �r	�� :  
•  8��	� ��
��� ���� ���� (-� ��
��� ���� ;	�= �I2 <��� U* +-� ;<�r7 ;	�= ;v6)* 

•  ��	� ��
��� ���� ���� (-� H=��� M�# P ;<r�7 ;	�= +� �y?* <���� N4A ;��	= ;�<��� ����= ;v6)* . +-�7
����� ;�<��� ;	�= 5	6) $�<Z���	� O��� ±r7 8;<�r7 ;	�= < i
 a�v
���;�<��� ;	�= 5	6) �#* N4A �. 

 (y�© U* SeN-channel ����= (�`1� �	,4��� >�!G ��
��� ���� ���� 5	6) (-� N Se7 O��
��� ���� ���� N4A 
 �	,4��W (y�© U*N-channels ����= >� (�	A ��
��� ���� ���� 5	6) (-� N' ���� ���� N4A  X�I�� >�!G ��
���

 �,)�W�N' +� (=* N7 O� N' = 1 . 5	6) �	,4��� >�!G ;<�r7 ;	�= 5	6) (y�� U* Se7N-channel >� N = 1.  
 5	6) U* �	����W� ��
 c����DRFI ���£ >� .6��
 75$7* . 

 +� �y?* 7* <r�7 ¯5�� ¸ ��'CMTS 7* EQAM,4
 U* Se O(-�
 P   +� (? .CMTS 7* EQAM �
�	����7 �	!4�W� 
 �<A +A �"��� o`� O������� ��
 P �!_[W�CMTSs 7* EQAMs	64�-1� 7* (-��� P 	6�=���7 O~�m�� .  

1.5.3.6   c"$CMTS �
 EQAM�d�M"e���  

 ¥�m ���
CMTS 7* EQAM¾-1� ;�	�R  a7�<G� P ¬_	Lm >� ��
��� ����� �43-67 4-67 5-6 . ��
 ���7
�	,4��W� ��!»� ����I�� >�� �
 N �	,4���7 ��� %	g�w� ���1# ;<�r7 ;	�= %	�y��	� O;�<I�� ����� M��� ���4�W� O

) a7<G�4-6 (��L�Z1� ��	£ H,?. 
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 7�*[�3-6 G�d�M"eR f��!�� !!"S c"$ &���#�'  

������  ��!�
�  

 ������ ���� ���� �� ����� ����
� CMTS �� EQAM  

 ���� �!�57 MHz "# 999 MHz kHz 30±)  	$%&'�1(  
 *��� +,- ���� �� ./91 MHz "# 867 MHz kHz 30±  

0��1�  *�23�,� *��� . 5�26� �$7�4-6 

*8�9� :;  64QAM <256QAM  
 ����� 523�)=>� (  

 64QAM 

 256QAM  

 

Msym/s 5,056941 

Msym/s 5,360537  
	8>� ���� �2-�?�  MHz 6  

���� 	��@�A�  
 64QAM 

 256QAM  

 

~ 0,18 Square Root Raised Cosine Shaping 

~ 0,12 Square Root Raised Cosine Shaping  
B�C��� D =9��E F�9� G�H�H  

  
B�C��� D 	89��E G�H�H  

  
  

	89��E G�H�H B�C7 I��J  

 KLM�1� MER > 35 dB)  	$%&'�2(  
M�1� MER > 43 dB  

>N48 dBcO� G�H�P�� *�9� Q8% R S�1�� 	,TU�'� 	89��O� G�H�P�� ��@��� �8V ���
,� 	89��
��J� 	��L�� KL *A�� ��@���� <.���W��� 	8��
8'� X�CJ� 	���Y� . D 	89��O� G�H�P�� Z[�1��

kHz 50±	���\,�  . D�N > 1 B�C7 ]�- I��J G�H�P�� Z[�1� <Nyquist.  
 5�26� �$7�5-6  

��^ G�H�H  
897 �28%� ����<	C  

N-1  �����	��?��  
) _1
�� �$7�2.1.5.3.6 ((6)  

  64QAM� 256QAM  
����
�� �8V N	C897 <  

) _1
�� �$7�1.5.3.6 (7)   
  64QAM� 256QAM  

  
kHz 10-kHz 1: dBc 33–.7�6� 	a���� G�H�H ��2�   

kHz 50-kHz 10: dBc 51–.7�6� 	a���� G�H�H ��2�   
MHz 3-kHz 50: dBc 51–�� G�H�H ��2� .7�6� 	a��  

  
kHz 10-kHz 1: dBc 33–.7�6� 	a���� G�H�H ��2�   

kHz 50-kHz 10: dBc 51–.7�6� 	a���� G�H�H ��2�   

I�J 	���3�  75b��   
 I�J ���- ��2
c) 	$%&'�3(  dB 14 < 	C897 I�J ���� D MHz 88 "# MHz 750)  	$%&'�4(  

dB 13 < 	C897 I�J ���� D MHz 750 "# MHz 870)  	$%&'�5(  
dB 12 < 	C897 I�J ���� D MHz 54 "# MHz 870  
dB 10 < 	C897 I�J ���� D MHz 870 "# MHz 1002 

*d��   *d��F *�� [IEC 60169-24] 

 �"#$��1 N *�9� kHz 30 e�> � kHz 25 f��g h�� �2-�d �i�j D ���- Z?� ����. 
 �"#$��2 Nk2l  �MER) J 	?17*8�9� mC (n8o� 	CA���p�[� *?
�1� _q���� e���� I�J 2�- *
7 ra�� *�� 29% � . *�9��

MER0�J�� 	��L�'� KL *A�'� ��@���� <F�9���� .��'� ��@���� 	8��
8'� X�CJ� 	���Y� S�1�� 	89��O� G�H�P�� �8V  .
 *�9��MERM�1� KL s�1� �tH�3� <=CJ u8��� F�9� *?
�1�  .�v�[�1w x% ��^ G�H�H +50 kHz <B�C��� D 	Ud��� y� 	���\,� 

z���{ ��� ��,� B�C��� D 	89��O� ��?,C�'�� ��C�� G�H�H *TU� . |�8� 2�-�MER ���- B�C7 ]�- �� *@1�� 5�^ *�23� y�} <
|�8
�� y� ~U��� ���� ��^ G�H�H G��[�Ai 	��
 �?�� . 	?1������ MERM�1� v� < .1\s�1� �&��3� *?
�1� �� �?C�� *?
�1� 

��?�Ji� �l ��ta �� *�3� . 	?1������ MERM�1� KL  b�� ��# <_$��� *?
�1� 	��@�A� 	CA��� 	,?
�1� 	��1� �&��3� S�1% y�} <
��?�Ji� �l ��ta *d�� ��2�- �?[� � <���� . ��?,C�� ]��U��MER�1� �� ����3� ��?�J� ���� �� |�8�  	�MER	��\1'� 	8
?�'� .  

 �"#$��3 N	c�% "# 	c�% y� ������ e����� . 
 �"#$��4 N�c� ��#  �EQAM �� CMTS ����� ���� "# 	�2J MHz 57)  �C1�� �$7�15�26� D ( ��c <EQAM �� CMTS �c�� 

 ���- ��2
cdB 14 < y� <	C897 I�J ���� D MHz 54 "# (fedge) MHz 750. 
$�� �"#5 N �c� ��# EQAM �� CMTS ����� ���� "# 	�2J MHz 999)  �C1�� �$7�15�26� D ( ��c <EQAM �� CMTS �c�� 

 ���- ��2
cdB 12 < y� <	C897 I�J ���� D MHz 870 "# (fedge) MHz 1002.  
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1.1.5.3.6   ?��= E�� ?�*K��CMTS 
 �EQAM 

 <��
 U* SeEQAM 7* CMTS�
��� ���� ¥�m iA 	!? ;�<= ���<I� >� ��� a7<G� P H24-6 . ;�<= U�-� U* 5�e7
���W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� ;	�= (? p	�* N4A (
<��4� �4�	= ;	�I� ��
��� ����a7<G� P �2 4-6 .

 �<� U	? ��'7EQAM 7* CMTS� ;�<= N4A Se O;	�= (? p	�* N4A �4I�0� (�-1� ;�<I�  U�-� U* ;	�I� ��
��� ���
���W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�* N4A (
<��4� �4�	=a7<G� P �2 4-6. 

 7�*[�4-6 G ��eO c"$ ?�*= DRFI 

������  ��!�
�  

���� *�� S�,C� 5�A�# ��2
� 02�  < 8 dB,- ��U\,� ��2�� 	��,C'� ��2
�� 0��1� y� *��  	�� +
 02� h- 	,���dB 8.  

���
� =/�2� _@% *�� 	��,C� ��2�  > ,20 dB��T% *�9� ��C�   
 ��2c D �����@�� ����� �� �� ��2
�� B�c) 	��,C� ��2� B�c ��

*
�1� *�9� *�23�,� 	,��� ���� ��2� �7�� ��# 	��\1�(  
> ,50 dB  

��2c D �����@�� KL ����� �� �� ��2
�� B�c)  ��2� B�c ��
*
�1� *�9� *�23�,� 	,��� ���� ��2� �7�� ��# 	��\1� 	��,C�(  

> 1 dB  

	
,C� 	�� ��� ���� *�� ��2
��  +2 dB  
 	8T8�9� 	��
 �?�)3.8��A� (  

 S�,A�1 :	��?�� �2%�� ����  
  
  

 S�,A�2 :�2%�� G��[�A�� 	��?�� ����
�� �8V  
  
  

 S�,A�3 :	��?�� ����
�� �8V  

  
1(  < 50 Bd B�C7 ]�- D 	��
 �?� Nyquist ���� �� D 

 �2%��MHz 6��2U�� D  . 	��-# �� f�� ��� ��E ���� ./�
��2U�� D 0�J� �����.  

(2 dB 50 B�C7 ]�- D 	��
 �?� Nyquist ���� *� D 
MHz 6�2%�� G���A�� ��2U�� D  . ./�# f�� ��� ��E ���

D 	8
?�'� ����
�� 	��-# ����2U�� . 
(3  dB 50 B�C7 ]�- D 	��
 �?� Nyquist ���� *� D 

MHz 6��2U�� D .  
������ ���� ��2c ���A#  < 73 Bd ���� *� D <��2U� ���A KL ��� ��2� y� *�� 

MHz 6��2U�� D .  
 ����
� ���� *�� 	��,C'� ��2
��N ������ ���� �U�� D 	3�� 

28%�." N = "� ����
�� �2-	3��:  
 N = 1 

 N = 2 

 N = 3 

 N = 4 

 N > 4  

 D 	��,C'� ��2
��dBmV���� *��   
  

60 dBmV 

56 dBmV 

54 dBmV 

52 dBmV 

60 – ceil [3.6*log2(N)] dBmV 

2.1.5.3.6  *�g� f��!�� !!"S Z
�' 4�5 ?!*2�' &���= h ��!"W ?��= 7-K�9� 

 (!�Q� $�<Z��K� U'� CMTS 7* EQAM� q2�� �
 i
 U* +-� .W	A ~<�� 7* ���	A �A�� ��� �	���� �	�<B $<Z�0
�
<�2 �	�<m .i
 U* ��7�w�� +� OS,0�� ���7 	�' S�	�� a	��' z0# �2�
 U* p	�* N4A ;	�= (-� ��1W� z!A �,w

�
�	A ��4!A P �)	3� S0r �	���W7 �
<��� . ;�<2 �* U'N-channel�  CMTS 7* EQAMP 	64�-1� +-�  {I!A 
 {�7<G� P ���,� ��1� �	!A* +� �* $�<Z��	� O(=�� N4A ��1W {�4��1-67 2-6 . z!A P X-V��� U* +� Xx��	�7

 �2�� ��' (`1!4� �
�= <_��2 <)�� O¥�r qx ;	�= (-� ��1�� EQAM ����7 ��
��� ���� ;�<= �,g N4A ;�<IW� 
;	�= (? p	�* N4A (�-1� �´7 �v?��. 
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(1  Se ;�<��W� ����I�� U�-� U* CMTS 7* EQAM {� 	!�2 (=�� N4A {�4�� {I!A >� (�-1�4� �4�	= 
����= N {��� 7* <r�7 z!A $<Z�0� ;	�= (? >� O��
��� ���� ¥�m ���� N4A )�y?* 7* ( p	�* N4A O��1W

 {�7<G� �"#� O;	�= (?1-67 2-6��1� �	!A* +A �	��4�W� +� <
vW . 
(2  e ;�<��� ����= �2�� U* SCMTS 7* EQAM 3  ��L�Z1� c��x� ��
��� ���� ;�<I� ��	£ H,-� S��	�*

 a7<G� �"#� O�
�	,�m�74-6��	!3 ��
��� ���� ;�<= H,? ~��0�7 ��4�* ���� . 
(3   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk[
<�� k[I�0�  ;	�= (? p	�* N4A ��
��� ���� ;�<I�  ��,4� >�

 a7<G� P ;������ �	,4��W� (I�0� (-1� ��
��� ���� ��	£ (?4-6. 
(4   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  �2�� ¿ +�7 O;	�= (? p	�* N4A �v?�� ����� 

k	L�L�G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� ��	!�� qx ;	�= �����  a7<3-6. 
(5   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  %��� O(�-1� S����� CMTS 7* EQAM N4A 

 a7<G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�*3-6. 
(6   �2�
 U* SeCMTS 7* EQAM-̈1� O��<B� ¥�	m �	,�mK O��4!�� �	,�m� ��4�* (����I�  N <��
 +-�7 

i�7 8;�	�� ;	�I� �v?�� ���� <�A ;�� (? P ;<r�7 ;	�=7 O;	�= (-� ;<r�7 ;�!�0� �)�� ����I�� >�� H,-
��!»� ~�m�� .
 ��
 �	,�mK� ��4�* c��x* <r*7� a7<s4� ����� %	g�g �	,4��� �	,�m� �I
�� XA� 3-6 .

# <���� $<Z�0
 U* .`,�
 O���? ��	,�A	�7 O.4!A <r .L=* �' ���	�' <���� �404� ;�!�0� �)�� �	,�m� �!`
k[y!2 8.4�2 .4�`1� %��� ����� %	g�g �	��	m D�g�� �I
���� ��u7 ;�<= >� 5��� �,?�-� ��-�W� �	��mK� O

 ~��0� +� �,
�=RMS�=�7 �I
��� ����4� >2���� a�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?�-� �� . Se7
k���	= �	,�mK� ��4�* U�-
 U* a7<G� P 	!? �v?�� ����� (�	? ~<� @A ;�!�0� �)�� �!`# <���� N4A 3-6.  

(7   �2�
 U* SeCMTS 7* EQAM�̈�
 O��<B� ¥�	m �	,�mK O��4!�� �	,�m� ��4�*  (-� ;<r�7 ;�!�0� �)�� <
�I�� >�� >� 8;�	�� ;	�I� �v?�� ���� <�A O;	�= ~�m�� ���N – 1 �	���� (�-1� N4A �
��Q�7 ���1��� ��!»� 

��4�`1� ;�<= �	
��0� <�A �3	� .
 ��
 �	,�mK� ��4�* c��x* <r*7� %	g�g �	,4��� �	,�m� �I
�� XA� 
 a7<s4� �����3-6 .' ���	�' <���� �404� ;�!�0� �)�� �	,�m� �!`# <���� $<Z�0
 U* .`,�
 O���? ��	,�A	�7 �

.4�2 .4�`1� %��� ����� %	g�g �	��	m D�g�� �I
���� ��u7 O.4!A <r .L=* .k[y!2 ��-�W� �	��mK� O
 ~��0� +� �,
�= ;�<= >� 5��� �,?�-�RMS ����4� >2���� a�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?�-� 

���=�7 �I
��� .7 PÀa�,I� O��
 �	,�mK� ��4�* (!�� U*  (? ��� P 	T O;�<I�� ����� M�# <�A ����I�� >��
 ����=N – 1�v?�� ���� <�A ;�!�0� �)�� �!`# ��� ;<�r7 ;	�=7 O�3	� ��4!A P  . ��4�* U�-
 U* Se7

k���	= �	,�mK� a7<G� P 	!? �v?�� ����� (�	? ~<� @A ;�!�0� �)�� �!`# <���� N4A 3-6. 
  � ������ +� �* U	? ��'7 �v?�W(4 (�-1��� �´ 7* (5 (? p	�* N4A (I�0� (-1� (
<��4� (�	= 	Á[? 7* 

 �2�
 U* U�' Se O;	�=CMTS 7* EQAMk[
<��  �v?�� ���� ;�<I� (I�0� (-1� (3 O;	�= (? p	�* N4A 
 a7<G� P ;������ �	,4��!4� (I�0� (-1� ��
��� ���� ��	£ (? ��,4� >�3-6.  

3.1.5.3.6  ���#�' _�#��� c��$ ,�A�A� ��F'�D & �CMTS �
 EQAM 

 ����� ��<
* <r* U'DRFI �
	!3 ��4�	© ;	�I� º��� <3� q2�� �
 CNR ��<IT dB 60 ±r �1# �!"#� 119 ;	�= QAM 
� DRFIz�	��� .  

 U�-
 ��!=� ����I� �4��� ;�<= ~��0� U* ������� ��
 c����7dB 6R ;7���� �[x ;�<= +� (=*  ����I� ��_�� ;�	�
 a	��R ��� �
7 O��4�	©256QAM .c����i
7k	w
*  ����I�� +� (=* ������ <�A ��4�	© ����= (� (µ ;	�I�� �,g U* 

��!=��� .i
7 (
<�� $<Z�010*log10 (6 MHz/4 MHz) ����= (�	I� O��!=� ����I� %	g�g �	�# c�A P ����� �	03 
��4�	©. 
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[A* c���2K� >�7$	"�� �,0��	� O� 119 ;	�= QAM <�,�� P �����W� ~7	0� O5 a7<G� +� 5-6 �
	£ CNR ��4�	!��� 
��<IT dB 60. 

 a7<G� ���
5-6�	���� ¥�	m ��1�	�� �	,4��W�  . ��!»� ����I�� ��r �K	3� P7N O;�<I�� ~��0� M��� ���4�� qx 
 a<
"dBc"~�=� ��,0��� �[,�0
<�� N4A ;	�I�� ;�<2 P ��	£  . �	,�m� ��� �	���� ¥�	m .1�	
 �� �	,4��� c����7

 ��!n ����I� ��	!�� ;�<2 >�N q0�� .`,�
 ��
 �	,�mK� ��1�7 O;�<I�� ~��0� M��� ���4�� "dBc" ����� �#* N4A 
 ;�<��� @A ;	�= ;�<= P q`��� +� ���Z�4� O;�<��� @A ����� O;	�I�� ;�<=) �"#� a7<G�4-6 ( >�� >� �� D!0
 ����

;�<I�� M��� ���4�W� ����I��. 
Â���7 +� ���,�� �1 �' 4���4�W� ����I4� ;�7	s�W� ����I�� P �	,4��W� . 
Â��
7 <�,�� �5���4�W� ����I�� +A ;<��,�� ~�m�� ����I�� >�� P �	,4��W�  . ����I�� o�� %	�y��	� D!0
7"~�m�� " +�

,4�<�,�� ������ �� 5 .ir <= O���4�� ;	�I� �y�	y��7 ��#	y�� ��I2����� (y� O��%	�y��K� >��7a7<G� P (�	-�	� ��<. 
Â��
7 <�,�� �6��I2����� ����I�� N4A �	,4��W� ��#	y��  2N��I2����� ����I��7  �y�	y�� 3N. 

 7�*[�5-6 G c"$ &���#�' CMTS �
 EQAM$ ,�A�A� �F'�D i�� _�#��� c��  

N%&�'�� ''
� ��(� ��
 ���)� ��&(�
� '�* +  

�(,
�-�.(
�  
1 2 3  4 

N > 4 

 /�0 12 �3'���� 4!5
)power +0,5(dBc  

1  x% ������ ���
��kHz 750���� ��2c 	c�% y�   < –58 

dBc

< –58 

dBc

< –58 

dBc 

< –58 

dBc

<10*log10 [10–58/10 

+ (0,75/6)* (10–65/10  

+ (N – 2)*10–73/10)] 

2 
 ������ ���
��)kHz 750 "# ���� ��2c 	c�% y� 

MHz 6���� ��2c 	c�% y� ( 
< –62 

dBc

< –60 

dBc

< –60 

dBc

< –60 

dBc

<10*log10 [10–62/10 

+ (5,25/6)* (10–65/10  

+ (N – 2)*10–73/10)] 

3 
 	8����� ������ ���
��)MHz 6 ���� ��2c 	c�% y� 

 "#MHz 12���� ��2c 	c�% y� ( 
< –65 

dBc

< –64 

dBc

< –63,5 

dBc

< –63 

dBc

<10*log10 [10–65/10  

+ (N – 1)*10–73/10] 

4 
 	[��[�� ������ ���
��)MHz 12 ���� ��2c 	c�% y� 

 "#MHz 18���� ��2c 	c�% y� ( 
< –73 

dBc

< –70 

dBc

< –67 

dBc

< –65 

dBc

For N = 5: –64,5 dBc;  

For N = 6: –64 dBc;  

For N ≥ 7: < –73 + 

10*log10 (N) dBc 

5 

 0�J� ����� D G�H�H)MHz 47 "# 
MHz 1000(  

 ���� *� D 	A�
�MHz 6G��[�A�� :  
 � (   ���
��)����
�� (	��L�'� 

S(   ������ 	[��[��� 	87�[��� p��� ����
��) �$7�
 ���?��1� 2� 35�26� ��E D ( 

I(  ����
�� 	[��[��� 	87�[�� 	
c���'� �� 	�����'� 
) 2�?�� �$7�65�26� ��E D ( 

< –73 

dBc

< –70 

dBc

< –68 

dBc

< –67 

dBc
< –73 + 10*log10(N) 

6 

 ����
�� y� *� DMHz 6 	A���� 2N *� D �� 
 ����
�� y�MHz 6 	A���� 3N �� 	������ 

 �7��'�=
c�����- Q��[�� =
c������ ��[��  +,
 p�����) x%MHz 1000( 

< –73 + 10*log10(N), or –63 dBch�� ��t�� <  
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2.5.3.6   ��3�d� ��S�K�' U3�'� CMTS �
 EQAM� ���12�  ���'��S 

 ���
 U* SeEQAM U��5 DTI S0r U��v� C�,�� D�0��7 [ITU-T J.211] .����i�7 P ��0�_��� ���	I�W� �	����� 
[ITU-T J.211] .�2�
7 U��5 DTI��0�_��� ���	I�W�  . (!1
 U* Se7CMTS $7<m �	1�� ��<¦ K ���� (�	-�W� DTI 

���	��� �	����W� >� ��0�_� ���	I�� N4A:  
 ��0�_��� ���	I�W� �<� U�-
 U* SeMHz 10,247 ��� {� �7���� ;���r �)�� P O40 ±r7 �
�^� �)�� 10 +� ����� 

 >��L��� J
�	�)W� �"#��	#�* �"r[:(  
•   ���� �=� > +5 ppm8 
•   �	�0#� a<�� 8–10 ≥8��#	y�� P  

•   �2	r ¼	����  ns 10 ≥ ;7�� �' ;7�� +�(ns 5±). 
�"#$� Nz�P�� 	Ud��'� F�E 	8?,� ��/  ��t6 	818q� 	8��
8� S���� y���� 	CA��� DRFI=a��J ����� =3a�� �2T� ��  . b2��A� ��#�

/ <�t�'� ��E ��t6 	818q� 	8��
8� �2� ���� �� .DRFI ���� 	�� =,J�� ppm 20±� �Ud �� e����� ����% 	a�� D 40 	���� 	a�� 
 x%�10 i ��2�- <�8�T��� ����� y� ����A ����� =3a�� �2T� *d�� .v% ��� 	c�Y� ��3���� B�817� 523� ���� �� ./��2F&-� �.  

�	�0#K� a<�� �	,4��� C�� 5	6G ��0�_� ���	I�� N4A ¼	���K�7 DRFI +
�7	s�� {��= ;<� U* � 10 240 000 ;�7� 
 P U�-�ns 30K �s��# O� ¼	��ns 10 7 {��I�� ;<� +� (? N4Ans 10���� �	�0#K �s��#  . a��* �<� ¥	����� 5�e7

}<���m� �� : �	��=1 024 000 O;�7	s��  ns 21 ≥ a�� �	��= 81 024 000
  <r�7 >�= 	64L�10 240 000-cycle O
ns 30 ≥ �	��= 8102 400 000 ;�7	s�� ns 120 ≥ . 5	6G ��0�_� ���	I�� Ã4� U* Se7DRFI �,0�� �	,�mK� ��
 �7<r 

99 �y?* M�
	I� 7* �_	W� P.  
3.5.3.6   ��3�d� ��S�K�' j�2S��� CMTS �
 EQAM��'���' ���12�   

 P �	,4��W� �' �2	gR	� X0I��2.5.3.6 ��0�_� ���	I�� Ã4� U* Se OCMTS MHz 10,24 ��� %	g�w� ���	��� �	,4��W� 
�<� ���� ~<� @A ¥7�v� �	�# S#	):  

• < [–50 + 20*log (fMC/10,24)] dBc (i.e., < 0,05 ns RMS) 10 Hz to 100 Hz  
• < [–58 + 20*log (fMC/10,24)] dBc (i.e., < 0,02 ns RMS) 100 Hz to 1 kHz  
• < [–50 + 20*log (fMC/10,24)] dBc (i.e., < 0,05 ns RMS) 1 kHz to 10 kHz  
• < [–50 + 20*log (fMC/10,24)] dBc (i.e., < 0,05 ns RMS) 10 kHz to fMC/2 

 U'fMC ��	I� ��0�_� ���	I�W ������ �
 ;<r�� MHz . �!�= U�-� U* Se7fMC X0I� 7* D�V� �<��� 	�' � MHz 10,24 .
k[y!2 ����� $<Z��� ��' OMHz 20,48K O��0�_� ���	I�W ���� �<L!?   ���	I�� <)��MHz 10,24 O	
�	,�mK �µ�� 

 ���	I�� $�<Z��� 5�e7MHz 20,48 >� fMC �
7	0� � 20,48 �[A* ��q,���� P.  
 ��0�_� ���	I�� ¼	���� �	����� ���7EQAM P ����v�� ��4!A P [ITU-T J.211].  

4.5.3.6   ��3�d� ��S�K�' !!"S _��3V�� CMTS �
 EQAM��'���' ���12�   

 ��0�_� ���	I�� ���� �	0�
 U* Se KCMTS +� �y?* 8–
10��#	y�� P .  

 ��0�_� ���	I�� ���� �	�0#� ������ ���EQAM P ����v�� ��4!A P [ITU-T J.211].  

6.3.6   ��S�K�' *���SCMTS �
 EQAM  

 	�<�A C�,�� D�0�� �2�
� DTI ��0�_� ���	I�� MHz 10,24 5	6) (�I
 U* Se ODRFI N4A ���	
 v�� ���	I�� z�	��W� 
 ��0�_� ���	I��MHz 10,24 �	!0I� $�<Z��	� M/N a7<G� P 	!? 6-6.  
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1.6.3.6   ��S�K�' *���SCMTS  

 (�I
 U* SeCMTS ��0�_� ���	I�� N4A ���	
 v�� ���	I�� CMTS�	�  �	!0I� $�<Z�M/N a7<G� P ;������ 6-6.  
2.6.3.6   ��S�K�' *���SEQAM  

 C�� D�� >� (!�� 	&* S,0�DTI N4A Se O��1# EQAM $�<Z��	� ��0�_� ���	I�� N4A ���	
 v�� ���	I�� (�I
 U* 
 �	!0I�M/N a7<G� P 	!? 6-6.  
3.6.3.6  @M�D �'� 7*2'  

 /�bf ′� (y�  /�7 ��0�_� ���	I�� N4A �4�I� ���	
 v�� ���	I�� a<�
m
f ′ v�� ���	I�� N4A �4�I� ��0�_� ���	I�� a<�� (y� 

���	
 . /�7fb /�7 �<� .°� ��	
 v�� a<�� (y� fm ��°� ��0�_� ���	I�� a<�� (y� (MHz 10,24) . ���	I�� (�= >�7
_� ���	I�� N4A ���	
 v�����	��� ���	�W	� Ä	��rK� Se O��0�:  

bf ′  = fm*M/N 

���	��� ���	�W	� Ä	��rK� Se O��0�_� ���	I�� N4A �4�I� ���	
 v�� ���	I�� >�7:  

m
f ′  = fb*N/M 

 U* ÅrKM7 N a7<G� P 6-6k	!�= U	�<Z�0
  ;<r�7 (? (y© O�V�V� 16�7 ���  �!�= ���bf ′ 7* 
m
f ′ +� �y?* H0�� 

ppm 1±;�<Q� ��°K� 	6�!�= +� .  
 v�� ���	I�W H�=���� d�B ��	��W� ���·K�7EQAM/CMTS RF $7<B ��0�_� ���	I�� P ���' �	1W� ODTI U* Se O

 +� (=* U�-
ns 1,5 @A p	IW� 100��#	� .  

Â�� a7<G� �6-6 X�=7 O�,r	L�W� ��°K� 	­K<��7 O��4!�� ���	�� S��	��� fb�  M7 N �h	��� ����v�W� ���	I�W� �K<��7 O

��°K� 	6!�= +� 	­	��	�7.  

 7�*[�6-6 G��3�d� ��S�K�' +' �'���� &�1�2'� @M�D �'� &�*2'   

8&�09  
:��2 

��� ;���  
1<� '�= fb

 

(MHz) 

M/N 

 �!���!� ;���
�!>!?� +

m
f ′ 

(MHz) 

;���  
:��2 ��� 

bf ′ 

(MHz) 

/
�@  
1<� A� 

 �����B  
64QAM  

5,056941 812/401 10,239990... 5,056945... ppm 0,95 

 �����B  
256QAM 

5,360537 149/78 10,240000... 5,360536... ppm 0,02  

7.3.6  j�2S����'���' ���12� �#M�D �'� ��S�K�'   

�<� ���� ~<� @A ¥7�v� �	�# S#	) ��� %	g�w� ���	��� �	,4��W� ���	
 v�� ���	I�� Ã4� U* Se:  
• < [–53 + 20*log (fDS/5,057)] dBc (i.e., < 0,07 ns RMS) 10 Hz to 100 Hz 

• < [–53 + 20*log (fDS/5,057)] dBc (i.e., < 0,07 ns RMS) 100 Hz to 1 kHz 

• < [–53 + 20*log (fDS/5,057)] dBc (i.e., < 0,07 ns RMS) 1 kHz to 10 kHz 

• < [–36 + 20*log (fDS/5,057)] dBc (i.e., < 0,5 ns RMS) 10 kHz to 100 kHz 

• < [–30 + 20*log (fDS/5,057)] dBc (i.e., < 1 ns RMS) 100 kHz to (fDS /2) 

 U'fDS ������ �
  ��	I� ���	I�W��<r�� MHz . �!�= U�-� U* Se7fDS���	
 v�� ���	I�W X0I� 7* D�V� �<���  .
k[y!2���	I�� p	�= +-� O fDS = MHz 20,227764  ���	I�� ª	�
 H#	? ��'MHz 5,056941�r	�� �µ�� .  
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 5	6) �2�
 U* SeDRFI	6�2 U�-
 ���	I�� �	,�mK �4��7 z�	��� :  
•  	6G� �2�
���	�� v���� ���	I��7 ��0�_��� ���	I�W� �' ��	,W� �	��4� �	,�m� �	I# 5.  

k[
<�7 z�	��W� 5	6G� �2�
 U* Se O��� +A DRFI��2 U�-
 �	,�m� ��4�* :  
•   v�� >�	��QAM �7	��� C���� >�	��� a<,�0� ��	�� (1, –1, 1, –1, 1, –1...) +� (? N4A O.°� /	0�� <�A I7 Q.  
•  �̈�
 ���)�� ���	I�� +� ���	
 v�� ���	I�� 5	6G� <MHz 10,24�
�	A ����v�� ��4!A P 	!? .  

 �r	�� O�[A* ����� %	g�g �	,4��� ��,4� N4A ;��	= O�Vg�7 ���	
 v�� ���	I�� H#	? ��') U7� M�4© ���	I�� O(y�
���	I�� U�<�� ¼	����(K O ��
 �	,�mK� ��4�* S4�
.  

8.3.6  V���'���' ���12� �#M�D �'� ��S�K�' _��3  

K   +� �y?* ���	
 v�� ���	I�� ���� �	�0#� Se8–
10��#	y�� P .  

7  ���� ����	 
����
 �����
� ����
�  

1.7  �����  

 P ��<Z�0� ��	
 a	��' ��	I� �I,� U'M-CMTS����  $5�� ;�!�0� �404� P �2188-byte MPEG [ITU-T H.222.0]. 

 ��d��7 ��� ���*� +� $5��� ��4 	6�,�� �	�
	� 184 ��
	���2	# ���£ +�  .����7 ¬� f�� ��2	��� ���!3� ���*��� �

MAC(,? @A �	���W  .~�m* ��2	# �K�£ N4A ���*�4� ~�m�� X�I�� a<� <=7 . ��2	# �K�£ +� ��4B�7� MAC 
 	6�2 X-V�
7 ��	�m �
 ~�m�� �	�<B� +�7CMTS.  

�
 (-1�� Dg1-7 �	�
	� ��1� DOCSIS MAC ~�m* ��!=� �	��4�� >� ){,W� a	yW� P .!=� �
<�2.(  
  

Header=DOC DOC MAC payload 

header=video digital video payload 

header=video digital video payload 

header=DOC DOC MAC payload 

header=video digital video payload 

header=DOC DOC MAC payload 

header=video digital video payload 

header=video digital video payload 

header=video digital video payload 

 E�F��1-7 G ��� �ZFS 7�k' MPEG  
Q� l�m�� h@M�  

2.7  ���� �	
 MPEG  

 (-1�� {,
2-7 ��5� z0# MPEG �	���� (!] DOCSIS .��d��7 ���*� +� ��5��� MPEG ��� 4 O�	�
	� 
pointer_field) $5��� >�� P ;��)�� qx( ��2	# ���£7 ODOCSIS.  

  
��	
�MPEG  

)4�
��
� (  
pointer_field 

)����� ���
�( 
���
� ����DOCSIS  

)183 �
 184���
� (  

 E�F��2-7 G�'�� U3V  MPEG  
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3.7   ���
�MPEG ��� �� ������ DOCSIS  

���
 (I# z2<� ���*� z0# �MPEG X0I�� P 4.2 +� [ITU-T H.222.0] .����7 �	I2<� v�� l	m a	n X�= �MAC 
 a7<G� P (,? @A �	���W1-7 . +� .
 �K	»� %	°*7[ITU-T H.222.0].  

 ���*� ��d��MPEG +� 4 ��5�� *<,� �	�
	� MPEG ��� 188��
	�  . z0# U�-
 U* Se7�� ���*�[�$�<Z��N4A  PID 
 (,? @A �	���WDOCSIS 	!? {,� �
 a7<G� P 1-7 . >� ���*��� z0# z�	��
7MPEG ���<Z��� +-�7 O��	��� 

 ¥����� D!0
 K ±r ������� ��
 P <�I�adaptation_field $5� P MPEG.  

 7�*[�1-7 G ��9
� U3V MPEG E�R n5 &��#2' ��"� DOCSIS  

�)�;  ;&.
�)
����	,( /B&
� 

sync_byte  8 0x47; MPEG Packet Sync byte 

transport_error_indicator 1 ������ �
�!�	� �"# $%& '��� *�# ��� . +,- /���0 1	��� �����
������ �
	�2 3 $%& '��� �"# ���� *�# 4�50� 6�78 *�# ����� 

payload_unit_start_indicator 1  9�:� *�# ��0 ���� �;�<pointer_field ���
� ���;= >�?� ���
��
@ 
)������ �A�
B� ���
���( 

transport_priority 1 �78 *�# 4�5� C��DE 

PID  13  1�@ F# �
�%��DOCSIS G���: ������ PID (0x1FFE)  
transport_scrambling_control 2  *�# 4�5� 6��DE‘00’  

adaptation_field_control 2 '01' H C I��J�	
� K;A�adaptation_field *�# DOCSIS PID  
continuity_counter 4  3 L��9 9��#PID�,-  

4.7  ������� ������ MPEG ��� �� ������ DOCSIS  

 ��2	��� ���!3� %v) (!µMPEG ��5�� MPEG �	0#* DOCSIS MAC . ��2	# ���!3 \7�� ��
	,�� U�-�7MPEG .
 
'pointer_field''  H#	? ��payload_unit_start_indicator (PUSI) ���*�� MPEG���,w� .  

1.4.7  stuff_byte 

���
 ��� �	��W� ��
 �stuff_byte �!�= �� (0xFF)i�  ��2	# ���£ P $<Z�0DOCSIS �	0#* {� ���s��� %(W 
DOCSIS MAC .i�7\7�� ��
	,4� ��<Z�0� qx �!�= 	
�	,�A	� �!�I�� ��
 �	�Z z0�� DOCSIS MAC .����7��
	� � 'FC' 

 ���*��MACK ±r  �!�I�� ��
 N4A k�<�* ~��]) . q1
FC_TYPE = '11' z0# �' MAC-specific  O��<�K7 i
 $<Z�0
FC_PARM = '11111'k	��	r  O7k	I,����
 O������� ���  ��#�#	= qx �!�I? �� FC_PARM.(  

2.4.7  pointer_field 

 U�-
pointer_fieldk���)��  ��5�� �0�	B� ��
	,�� P MPEG)  ���*� .4� ��
	� a7*MPEG ( �,w
 	�<�APUSI N4A 
 ���*� P <r�7MPEG . q0�� U�-
7pointer_field.4
 	!? :  

 ���µpointer_field ;��	,� .4� f�� ��5��� ��
 P �	�
	,�� �<A N4A pointer_field �	�Z��� ����q�1� �-��  CM 
 z0# �
�<� +A �V,�� (,=DOCSIS MAC .k���)�� ��bW� a	n U�-
 U* Se7k	�-� U	? ��'  @A �	���� z0# %<,� 

 (,?MAC�' 	�' q1
 U* Se7 O��5��� P :  
(1   z0# a7* �
�<�MAC7* 8��5��� P *<,��  

(2   ��stuff_byte z0# N4A z�	� MAC.  
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5.7   ����!�� ������ "� ���!#��� MAC  

 �	0#* *<,� U* +-�MAC ��5� P U	-� �* P MPEG . �	0#� +-�7MAC $5� �<© U* MPEG <)�� U* +-�7 O
 �	0#*MAC ��5� P ;<
<A MPEG.  

 $5� z0# ���	��� $	=��� {,�MPEG �	0#* (!] f�� DOCSIS MAC . X4A a<
 O�K	3� >�� P7PUSI ��)7 N4A 
pointer_field
	� a7d?  ��2	# ���!3 ��MPEG.  

 (-1�� {,
3-7 z0# MAC ��
	� <�� ;��	,� /�g�W� pointer_field . U�-
 O��	3� ��
 P7pointer_fieldk����  *<,
7 O
 q�1� �-��DOCSIS ��
	� +A �V,�� FC ;��	,� ���	��� ��
	,�� <�A O�3	� � pointer_field.  

MPEG header 

(PUSI = 1) 

pointer_field 

(= 0) 

MAC frame 

(up to 183 bytes) 

stuff_byte(s) 

(0 or more) 

 E�F��3-7 G U3V i�g �'�� U3V MAC  
 ?"a��' ���pointer_field  

 (-1�� {,
4-7 z0# ��r O�y?* ��	A ��	r MAC z0# (
� �I,0
 MAC�1r �	�
	� >�	��7 z�	0��  . O��	3� ��
 P7
	�  a�5pointer_field��
	,�� �<µ  z0# (
� <�� \7�� #1 (a stuff_byte) ��	,�A	� W� >=� ���� q�1��� �-�� N4A .`,�


 *<,
 U* �<�A �!�= +A �V,��FC ��A�2 �I,�� MAC��#�#	=  . P a	��' �<�� ��4!�� z0��� ��
 D!0
7CMTS ¥���j� 
 z0�� ��	,W�MAC ���*� <�� z0��� ��� (�7 ��' a	��j� �	�W� MPEG«*7 � (�pointer_field.  

 ��5� z2<�� a	��R� �<�� q0���7MPEG �	���� (!] f�� DOCSIS ;��1� ~�m* �	���� >� MPEGK O  N4A .`,�

CMTS $5� (��
 U* MPEG >� DOCSIS PID N4A ���] f�� stuff_bytes��2	��� ���!3� �I��� P �I2  . U* .`,�
7

 ��Æ $5� (���MPEGkK<� ��� +� .  
�"#$� M ��#�7�� �!�%�� 3 �";5�� N�<�0 �
<O# P
"- DOCSIS MAC �
	�2 9��0 ���;# L
 
Q R7�S T
 UV W�� MPEG.  

MPEG header 
(PUSI = 1) 

pointer_field 
(= M) 

Tail of MAC frame #1 
(M bytes) 

stuff_byte(s) 
(0 or more) 

Start of MAC frame #2 

 E�F��4-7 G' �'�� U3V  U3V +MAC�Fg &������ UM�9   

 (-1�� {,
5-7 ��5� ���] U* +-!W� +� U* MPEG �	0#* N4A MAC;�<���  . �	0#� +-�7MAC U* � (040�
 7* �m¢� <�� <r����i��1r �	�
	,� ��	�m >�	�� ������ (L�.  

MPEG header 
(PUSI = 1) 

pointer_field 
(= 0) 

MAC frame 
#1 

MAC frame 
#2 

stuff_byte(s) 
(0 or more) 

MAC frame 
#3 

 E�F��5-7 G _�3V
 0�� �'�� U3V MAC?*�g� �'�� h ?!*2�'   

 (-1�� {,
6-7 z0# <�� ��r ��	3� MAC $5� �' MPEG;�<���  . q1
 O��	3� ��
 P7pointer_field z0��� �	I�� 
z0# a7* (
�� ��
	� �m� .4� f�� ��
	,�� �' z�	0��.  

MPEG header 
(PUSI = 1) 

pointer_field 
(= 0) 

stuff_byte(s) 
(0 or more) 

Start of MAC frame #1 
(up to 183 bytes) 

MPEG header 
(PUSI = 0) 

Continuation of MAC frame #1 
(184 bytes) 

MPEG header 
(PUSI = 1) 

pointer_field 
(= M) 

Tail of MAC frame #1 
(M bytes) 

stuff_byte(s) 
(0 or more) 

Start of MAC frame #2 
(M bytes) 

 E�F��6-7 G U3V i�g �'�� U3V MAC?!*2�' ��� oI *��   
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 ��A���� �I,��� >� Sy? +A a	��R� ��	I�� ��A���� �I,��� (!�� U* SeMAC �=<� �A	0��7 J
�	��� �=	�� q2�� P 
H=��� +��v� ��	�� P 	6)���R.  

6.7  ���$ "� ���!#���%&��   

 ��5� q�1� SeMPEG-2k	I,�  � [ITU-T J.83-B] (I# (���� ��� P 	T OMPEG-2 \�	�� .I�=<� /�!n $�<Z��	� 
 P ��7 	!?[ITU-T J.83-B].  
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����� �A  

�������� ������� ��� !"#$%&� !�'�(	  

) %v) zV4W� ��
 (-1
*vs�
 K������� ��
 +� (  

m N4A zV4W� ��
 z,��
 X0I�� P �	y�� 	�)����-��� �	�1 . $	0=�� �' >)�� Oa7�� �	�Z4� �,0��	�757 67 7.  
 ���4�W� �
�	W� �I,��� �	����� zV4W� ��
 �L
� EuroDOCSIS CMTS7 (�	-�� EuroDOCSIS EQAM . ��
7

)����-� �	�m �' �!w�� ��v�6h ���	6� ��<�' N4A �I
�� �d� ��b
 K7 ��	�m zV4� P ������ ���	!1�� 	-
��* 	�
�[A* 	6��' �	1W� $	0=��.  

��r <�� �Ir[�	? ���I��� X�=��� Ä	��rK� ¸ <I�  f�� ��q�`��� z,��� ��r ������� %v) �' q1� f�� zV4W�
¸ 	6��7 .k��"# OzV4W� ��
 P �,_	x +
7	���� $	=�* o�� U�-� <= O���� �s��#7P q�`� S4� $<��  �=[��� ��� ;�I��� 

�����4� .0�_��� ¬��� P.  

1.A  ����#�� '�()�*��+  

 X0I�� �"#�1.  

2.A  ",����  

 X0I�� �"#�2.  

3.A  -%���.+ ��/0�1�  

 X0I�� �"#�3.  

4.A  ���1#2����/0�1��+   

 X0I�� �"#�4.  

5.A  ��0�*3#�� ��4��#�5�  

��W� +� O(,-� U�
v�4� ��� �	��	m X0I�� ��
 �L
(,? @A �	���� $	"# (�`1� c�`� U�-� U* c� . M�� �
7
k	��7 �	!4�W EQAM 7* CMTS . ��
 P ;������ �^�,�� P C�,�� (�`1�4� (�	= (,? @A �	���� $	"# U�-
 U* Se7
X0I��. 

#	= S4��� �* >� c�	��
 OX0I�� ��
 P ~�m* �	�<m >� ��%��� 7* ���� ��B >)�� ª	�
 U�-
 	�<�A7 �I��W ��
��I,��� qmY� U�-
 O��4!A .K7 .4�	© U�
v�4� ���	�R �?� �*7 K ���� c�A P 	!��  ���	�R� ��
 U* C�


k	
�	� ;��)��. 

1.5.A  \�"5 _�#V oI p�
V ���a 

i
<V�� ��� N4A �!_	= o
�A �	�# �	�# �-,� ��)7 c��� .W� �7	Q� >�!G �-,� 	�' (-� ��
 �md
 <=7 7* ;<V�
��� {s
/��Q� <V�� .i
7 .A����� D4�LW� $<Z�0"(,-� �-,� "(!1�� 	�
�K	3� >�� . 

��¡<Z�0 �
�	!�� OX�	I�� ��7 (,-� �-,� $"/�27 ;�s�".4�	© a	��' >� O .i�7 P ��0�_��� ��4�`1��� ¬_	LB� c���
.4
 	� ������� ��
: 
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•  �	hK� ._	�� a	��'. 
•  � <A	,� .L=*��L/ 5	6) {� ._	��6?DRFI (,-� $��W �2	0� <��*7 z�	��� 160 k�����4�? ) z
�� �	��*

��q�0� (�	h� (? P. 
•  ��L� .4g	�� <A	,� .L=*/ 5	6) {� ._	��6?DRFI �2	0T �	���� <��*7 ��=*7 z�	��� 100 ����4�? ) �	��*

 z
����q�0� (�	h� (? P.  
��r ��� P �	1�#� �A�� <�A \m/ns 5 +A ���
 O160k�����4�? � +� �k	�	
� �	1�#K� H=7 P qmd� �	h� (? P ��4k	�	
'7  

 \���ms 1,6 . (�
���� �"#� O�	��4�W� +� <
vW7VIII +� [ITU-T J.122]. 

2.5.A &���eq��� &�A�"�W�  

1.2.5.A !!"��� �#$ 

�7�� �	�# �� (,? $	"# U* c���
 O��	�� �	hK� P {� 	� (=* �2	� 477 MHz 87,5 	6�-�7 ������� �4I�0� 	�4A �2	r7 O
 +� ~<� P300 �' MHz 862 .i
 O��� �7�W� �	�# P7 .4�	© U�
v�4� ���	�' ��)7 c���PAL/SECAM ����= P 

MHz 8/7 �
�
��� ���	�'7 FM�	���� �w
�A7 �	���� �I�g ��!=� ���	�' ���?7 O. i�7 ����= $<Z�0MHz 8 
 �K	L�KW��	���.  
2.2.5.A  %"$
 &�'*$ +' �',-.� 

 <)�
 U* SeCM7 EQAM 7* CMTSk	�� k[y� O(,-� �-,1�� N4A ~�m* �	�<m >� :  
�   �����A 

   C�,�� (�`1�4� ¬L� (,? ��� P C�,�� (�`1�4� {4�	= 	#�-
 U* Se� EQAM 7* CMTS-CM U�-
 	!��� O
i�Â5��`1� (,-�� ��� UkK�8~�m* ���	�'7 ��#�
v�4� ���	�' +� ��4m �d�   

�   �����B 

  k[m�<� 	,,0
 U* Se Kk��	g  N4A /5�W� ¥�	m ��� P (,-� �-,1� �LL� ~�m* �	�<m �� EQAM 7* 
CMTS .i
7�#* N4A qm�� X6�: 

•   p	�I4� (�	= qx �	�·�)��%[!4� ~��0� .4A*(7* 8 

•  0W� +A (I
 K �	�·� �	�<B� >�� �	�·K .?���R� ~��)��%[!4� ����� 7* ��	��� ~��0�(7* 8 

•   ~�m* ��<m ��2�� 7* �A	�L�� 	64,I� f�� 	�#<�� �	
��0W� +A (I
 K �	�·�)��%[W� +� ��* ~��0�.(  
3.2.5.A ��"$/ 0�12�3' 4�5 6#$ 7�5 "8
  

 X0I�� �"#�3.2.5. 

3.5.A  �#M�D �#r &�A�"�W� 

� X0I�� �"#3.5. 
1.3.5.A  7�9�;� &����3'  

 ;�	�R ��°� ;�<= ~��0� �<6�0
)���	�' ( ;	�= P ��	
 ��
��� ����MHz 8~<� P U�-
 U*  :dBc 13– �' 
dBc 0k	�,0# O ��4�	© ;7�� �
<�2 ��	£ ~��0� ;�	A 57	s�
 K7 ��4�	© ;7��� �
<�2 ��	£ ~��0W ) {� k	��´10–7 dBc 6– 

� 64QAM {�7 6–7 dBc 4– � 256QAM.(  
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2.3.5.A !!"��� <�5  

 X0I�� �"#�2.3.5.  
3.3.5.A ��1=�� ���8�> ?��= @�A 

i�2� O��
 	�)����-��� �	�m �
��� <�A �1# c�85p*� ��� P ��!=� ;	�=  . �	0r c��x�7CNR O��4�	© ����= �
	!3 
i�2� ������ N4A >g�� ��4�	!��� ����I�� U* c���!=��� ����I�� +� (=* ;	�I�� �,g <�A. 

4.3.5.A ��8�> ���B C*D  

 ����� ��<
* <r* U'DRFI3� q2�� �
 º��� < �
	!3 ��LIW� CNR ��4�	© ;	�I� dB 59 o
�A ���� �	�# P ��	I� 
MHz 5,08� �!"# ±r �1�� 85 ;	�= QAM DRFIz�	��� .  

i
 O�	03� c��x�7�� ~��0� U* c������W� ;�<I U�-�� ��!=� ����I� �4dB 5 ��_�� ;�	�R ;7���� �[x ;�= +� (=* 
 a	��R �
�	��W� �7�1�� ~<� P �
7 O��4�	© ����I�256QAM .i
7k	w
* c��� >w
 ;	�I�� �,g U* O�	03� c��x� O

��!=��� ����I�� +� (=* ������ N4A ��4�	!��� ����I�� .i
7 (
<�� $<Z�010*log10 (8 MHz/5,08 MHz) P ����� �	03 
 ����I� %	g�w�� �	,4��� �
���� $<Z�0W� �	���� c�AQAM ��!=��� � DRFI ����= (�	I� Oz�	��W� PAL��4�	!���  . >�7

 $	"�� O�[A* �	g���2K�85 ;	�= QAM O �7	0� <�,�� P �����W�5 a7<G� +� A.4 �
	£ CNR ��4�	©  +�dB 59. 

6.A  �����6�. 78���� �%&�� ����� ���$ �!9 

1.6.A  U��#��� 7�s 

 X0I�� P ���' �	1W� �	y�� 	�)����-��� �	�m N4A X0I�� ��
 z,��
1) 1.1~<W�  .( �	,4��� U�-� ��r �K	3� P7
.0�_��� ¬��� P >)�� �2��
 O{4�	!�� 	�)����-��� ��	�m.  

 X0I�� �"#� OX0I�� ��
 .=	,�71.6. 

2.6.A   _�"WedgeQAM (EQAM) �5 CMTS  

 X0I�� �"#�2-6.  

3.6.A  P��Q�  

1.3.6A  P��Q� 7�R�S�"M 

 ��A���� �I,��� z�	��� U* SePMD >� ���	�� [ETSI EN 300 429]. 
2.3.6.A  T�#�� U3V  

 N4A SeW�-̈1 (�� ;	�= (-� ��	QAM�  EQAM 7* CMTS� ��
��� ���� ;�	�' z0# >� ��4!A �2�
 U* O $	"# P �4��
 P ��7 	!? O�,?�-� .���� X�� ;<A	= �	��� ������� �	#�-� (-1� (,-�[ETSI EN 300 429].  

3.3.6.A  ����5 �5"9 &��#2'� ��*�W &�'*$ X5*� Y��*��� EM�K�� "�ZF���  

 XA<
 U* SeCMTS 7* EQAM ��A�2 �I,�� PMD a7<G� P �2��W� �	��	B� �� ��1� ���	
 1.A .�7 ��4�* (y�
 >� (�	-�	� ��
 ��1W�[ETSI EN 300 429].  
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 7�*[�1.A G�ZF' &����$   

�
�� ����  

���	
� 

�����  

���	
� 

64QAM 

Msym/s 6,952  
6��� ��
 ��	�  

256QAM 

Msym/s 6,952 

8��� ��
 ��	�   

I J ��
� �!X� T�;@ ��
� �!X� T�;@ 

12 17  µs 18  ms 0,43  µs 14  ms 0,32  

4.3.6.A  �#M�D !!"S �#$  

i� ������ �* <
<] (`1!4� >)�
�-,1�� �	,4���7 ������� �	,4��W� ��,4�� $<Z�0. 
5.3.6.A   c"$DRFI�d�M"e���   

 X0I�� �"#�5.3.6. 
1.5.3.6.A   c"$CMTS �
 EQAM�d�M"e���   

���
 ¥�m �CMTS 7* EQAM¾-1� ;�	�R <G� P �2��W� �	��	B� >� ��
��� ����� �4 a7�2.A7 3.A7 4.A.  
1.1.5.3.6.A  f��!�� !!"S Z
�' E�� �d�M"e��� c"t�  

 a7<G� P �	,4��W� ��� U'2.A ����= >�� U* �
 N¾40W� ;�<I�� ����� M��� ���4�� .
 ��
��� ���� ���� �' �! .
 S4��� N4A ��1�� z,��
 K7�,0��	� �;<�r7 ;	�I� ���1# ��� %	g�w.  

 7�*[�2.A G' f��!�� !!"S Z
�' E�� �d�M"eR c"$ &���#�  

������  ��!�
� 

 LY@�� 99�0(fc) 99�0 �
"< L? 
 L��9��� CMTS �
 EQAM  

MAY be 85 MHz to 999 MHz ±30 kHz at 250 kHz increments 

MUST be 112 MHz to 858 MHz ±30 kHz at 250 kHz increments 

Z��A� 1������ 1�
< . ���[� �\��3.A 

1�]^��� 4_ 64QAM, 256QAM  
 Y���� ����)`a�(  

  64QAM 

  256QAM 

 

Msym/s 6,952 

Msym/s 6,952 

��a� �
"< ��#
��  MHz 8  
99�0 ��
D�	�  

  64QAM 

  256QAM 

 

~ 0,15 Square Root Raised Cosine Shaping 

~ 0,15 Square Root Raised Cosine Shaping  
b
%"�� 3 `^�
- +�^0 c
d�d  

  
b
%"�� 3 ��^�
- c
d�d  

(fc ± 4 MHz)  
  

b
%"�� e�
& ��^�
- c
d�d 

f�A� gh MER > 35 dB)  �\�O��1(  
f�A� MER > 43 dB  

dBc 46,7– ≥ ��i7"�� ��^�
j� c
d�5�� �
D�"� k�l �
"!�� ��^�
j� c
d�5�� 1;^0 /�� C
m	�� �
D�"�� 6U@�;n��� ��0
!��� o�%&� ��
;=� p�A0�gh 1L�&
 ���h��  .q0�rs�A c
d�5�� 

 3 ��^�
j�kHz 50 ±��
;���  . 3�N > 1q0 6rs�A b
%� t�# e�
& c
d�5�� Nyquist.  
 ���[� �\��4.A 

��u c
d�d  
 6�%�^� ����� �
"<N – 1  

 �0��]� ���"<) vA!�� �\��
2.1.5.3.6 (6)(6  

  64QAM� 256QAM  
  

  
kHz 10– kHz 1:  dBc 33–U�
[� �:�9Y� c
d�d ���<   

kHz 50– kHz 10:  dBc 51–U�
[� �:�9Y� c
d�d ���<   
MHz 3– kHz 50:  dBc 51–U�
[� �:�9Y� c
d�d ���<   
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 7�*[�2.A G' f��!�� !!"S Z
�' E�� �d�M"eR c"$ &���#�  

������  ��!�
� 

 ���"< k�lN �%�^� ) vA!�� �\��
2.1.5.3.6 (7)(  

  64QAM� 256QAM  

kHz 10– kHz 1:  dBc 33–U�
[� �:�9Y� c
d�d ���<   
kHz 50– kHz 10:  dBc 51–� c
d�d ���< U�
[� �:�9Y 

e�& �<�
�� 75I�
  

e�& �9�# T��!� dB 14 < x� 99�0 Z�� 3 �%�^� e�& �
"< 3 MHz 108 y2 MHz 862)  �\�O��2(  
dB 12 < x� �%�^� e�& �
"< 1@ 3 MHz 81 y2 MHz 862  
dB 10 < x� `�#
 �%�^� e�& �
"< 1@ 3 MHz 862  

18��  18��F 1]� [IEC 60169-24] 

$�� �"#1 Mz�S  9MER) 1�]^0 $%& ��A� ( �^� g{0 �%	��� x# |0
� 1]X��:�� �s��"��>
s� 1�!�A� v}���� ~
X�� e�& �"#  .
 1;^0�MER ���h��� gh 1	��� �
D�"�� 6+�^���� U@��� �
D�"�� ��0
!��� o�%&� ��
;=� p�A0� ��^�
j� c
d�5�� k�l 
Z�&?� . 1;^0�MERf�A� gh G
5�
 ��A� 
�d��� 6`%& K�X�0 +�^0 1�!�A�  .q0� �� ��u c
d�d �s�AkHz 50± x� ��
;��� 

G
"]� T
@ 
;�@ b
%"�� 3 ��^�
j� �
��%���� ��%�� c
d�d 1i7� 6b
%"�� 3 �78��� . �
�< �"#�MER �
 1DA�� ��u 1���0 x]� 6
 99�0 ��u c
d�d c
"s�	H ��
� k��0 ���# b
%� t�#�
�!�� x� �7J"� . ��A"�
�� �MERf�A� ��A� �O�
�� UAS 6 ��%0� 1�!�A� 

�
��&H� NS �
�: k� 1;�� 1�!�A� k� . ��A"�
��� MERf�A� gh  1�!�A� ��
D�	� �%	��� ���!�A� ���A0 �O�
�� p
A� x]� 6
�
��&H� NS �
�: 18�� 
��"# N�s� � 6��?� IY� ��2 6v\�"� .� t��70� �
��%�MER ��
A� k� ���
�� �
��&� ��9
 k� �
�< MER 

����A�� ��!����. 
 �"#$��2 M ��� ��2 EQAM �
 CMTS LY@�� 99�0 y2 ���& MHz 85)  �%A�� �\��1���[� 3  ( T�� 6`�#
�EQAM �
 CMTS 

 �9�# T��!� ����dB 14 < x� 99�0 Z�� 3 �%�^� e�& �
"< 3 MHz 81 y2 MHz 108 . ��� ��2�EQAM �
 CMTS 99�0 y2 ���& 
 LY@��MHz 999)  �%A�� �\��1���[� 3  ( T�� 61<
�EQAM �
 CMTS �9�# T��!� ���� T
 UV dB 14 < �%�^� e�& �
"< 3 

 x� 99�0 Z�� 3MHz 862 y2 MHz 1003.  

2.1.5.3.6.A   ?��= E�� ?�*K��CMTS �
 EQAM 

�̈�
 U* Se <EQAM * 7CMTSm iA 	!? ;�<= ���<I� >� ��
��� ���� ¥��� a7<G� P H23.A . ;�<= U�-� U* 5�e7
 N4A (
<��4� �4�	= ;	�I� ��
��� ����*���W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� ;	�= (? p	� a7<G� P �2

3.A . �<� U	? ��'7EQAM 7* CMTSe O;	�= (? p	�* N4A �4I�0� (�-1� ;�<I�  ��
��� ���� ;�<= N4A U�' S
���W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�* N4A (
<��4� �4�	= U�-� U* ;	�I� a7<G� P �23.A. 

 7�*[�3.A G ��eO c"$ ?�*= DRFI  

������  ��!�
� 

�
"< 1]� p��%� �
	�2 ���!� Z�� dB 8 ≤����%�� ���!�� Z��A� x� 1<
  �<9 *�# �
7��� �9��� 
 Z�� F# ���
@dB 8  

�
"!� `V��0 vD� 1]� ����%� ���< dB 0,2 ≥L�i� 1]^� �9�%�  

 ���� 3 �0��
D�� �0
"< L
 �� ���!�� b��) ����%� ���< b�� k�
1!�A� 1]^� 1������ ���
< �
"< ���< N�
@ ��2 ����A�( 

dB 0,5 ≥  

gh �0
"< L
 �� ���!�� b�� ���� 3 �0��
D�� ) ���< b�� k�
1!�A� 1]^� 1������ ���
< �
"< ���< N�
@ ��2 ����A� ����%�(  

dB 1 ≥ 

�!�%� �<9 ��� �
"< 1]� ���!�� dB 2± 

 ��i�J^0 ��
� N�@)3U��
	
 (  
 p��	
1 :�0��]� ����� �
"<  

  
  

 p��	
2 :����� c
"s�	
� �0��]� ���"!�� k�l  
  
  

 

(1  dB 50 ≤ b
%� t�# 3 ��
� N�@ Nyquist �
"< L
 3 
 �����MHz 8���7�� 3  . �<
#2 �
 �<� T�9 �,- �
�� UV�

���7�� 3 Z�&
 ���"<.  
(2  dB 50 ≤ b
%� t�# 3 ��
� N�@ Nyquist �
"< 1@ 3 

MHz 8����� c
"s�	
� ���7�� 3  . �<� T�9 �,- �
�� UV�

#2 �
���7�� 3 ��!���� ���"!�� �<.  
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 7�*[�3.A G ��eO c"$ ?�*= DRFI  

������  ��!�
� 

 p��	
3 :�� k�l�0��]� ���"! (3  dB 50 ≤ b
%� t�# 3 ��
� N�@ Nyquist �
"< 1@ 3 
MHz 8���7�� 3 . 

L��9�� 99�0 ���� �
]	2 dB 71,5 ≤ �
"< 1@ 3 6���7� N@
	 gh k;� ���< x� 1<
 
MHz 8���7�� 3  

 ���"< x� �
"< 1]� ����%�� ���!��N�9�� 99�0 ,7"� 3 ��;��  L�
����:  
 N = 1 

 N = 2 

 N = 3 

 N = 4 

 N > 4 

 3 ����%�� ���!��dBmV�
"< 1]�   
  

60 dBmV 

56 dBmV 

54 dBmV 

52 dBmV 

60 – ceil [3.6*log2(N)] dBmV 

3.1.5.3.6.A  *�g� f��!�� !!"S Z
�' 4�5 ?!*2�' &���= h ��!"W ?��= 7-K�9� 

 (!�Q� $�<Z��K� U'� CMTS 7* EQAMq2�� �
 i
 U* +-� .W	A ~<���  7* ���	A �A�� ��� �	���� �	�<B $<Z�0
�
<�2 �	�<m . �2�� ��' (`1!4� �
�= <_��2 <)��7� CMTS 7* EQAM ����7 ��
��� ���� ;�<= �,g N4A ;�<IW� 

;	�= (? p	�* N4A (�-1� �´7 �v?��. 
(1   ;�<��W� ����I�� �2�� U* SeCMTS 7* EQAM 3 H,-� S��	�*  ��L�Z1� c��x� ��
��� ���� ;�<I� ��	£

�
�	,�m�7 . a7<G� �"#�3.A��	!3 ��
��� ���� ;�<= H,? �	
��0�7 ��4�* ���� . 
(2   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk[
<�� k[I�0�  ��,4� >� ;	�= (? p	�* N4A ��
��� ���� ;�<I� 

,4��W� (I�0� (-1� ��
��� ���� ��	£ (? a7<G� P ;������ �	3.A. 
(3   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  �2�� ¿ +�7 O;	�= (? p	�* N4A �v?�� ����� 

k	L�L� a7<G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� ��	!�� qx ;	�= ����� 3.A. 
(4   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  %��� O(�-1� S����� 64QAM 7* 256QAM 

 a7<G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�* N4A2.A. 
(5   �2�
 U* SeCMTS 7* EQAM ����I� (-1� O��<B� ¥�	m �	,�mK O��4!�� �	,�m� ��4�* N�̈�
 +-�7  <

	�= (-� ;<r�7 ;�!�0� �)��i�7 8;�	�� ;	�I� �v?�� ���� <�A ;�� (? P ;<r�7 ;	�=7 O; ����I�� >�� H,-
��!»� ~�m�� . ��
 �	,�mK� ��4�* c��x* <r*7�
 a7<s4� ����� %	g�g �	,4��� �	,�m� �I
�� XA� 2.A .

�' ���	�' <���� �404� ;�!�0� �)�� �	,�m� �!`# <���� $<Z�0
 U* .`,�
 O���? ��	,�A	�7 O.4!A <r .L=* 
k[y!2 8.4�2 .4�`1� %��� ����� %	g�g �	��	m D�g�� �I
���� ��u7 ;�<= >� 5��� �,?�-� ��-�W� �	��mK� O

 ~��0� +� �,
�=RMS���=�7 �I
��� ����4� >2���� a�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?�-�  . Se7
k���	= �	,�mK� ��4�* U�-
 U*�� N4A a7<G� P 	!? �v?�� ����� (�	? ~<� @A ;�!�0� �)�� �!`# <�� 2.A. 

(6   �2�
 U* SeCMTS 7* EQAM (-� ;<r�7 ;�!�0� �)�� <��
 O��<B� ¥�	m �	,�mK O��4!A �	,�m� ��4�* 
 ~�m�� ����I�� >�� >� O;�	�� ;	�I� �v?�� ���� <�A O;	�=N – 1 ��Q�7 ���1��� ��!»�  �	���� (�-1� N4A �


��4�`1� ;�<= �	
��0� <�A �3	� . ��
 �	,�mK� ��4�* c��x* <r*7�
 %	g�g �	,4��� �	,�m� �I
�� XA� 
 a7<s4� �����2.A . �' ���	�' <���� �404� ;�!�0� �)�� �	,�m� �!`# <���� $<Z�0
 U* .`,�
 O���? ��	,�A	�7

�	m D�g�� �I
���� ��u7 O.4!A <r .L=*.4�2 .4�`1� %��� ����� %	g�g �	� .k[y!2 ��-�W� �	��mK� O
 ~��0� +� �,
�= ;�<= >� 5��� �,?�-�RMS ����4� >2���� a�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?�-� 

���=�7 �I
��� .7 PÀa�,I� O��
 �	,�mK� ��4�*P 	T O;�<I�� ����� M�# <�A ����I�� >�� (!�� U*  (? ��� 
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 ����=N – 1 �v?�� ���� <�A ;�!�0� �)�� �!`# ��� ;<�r7 ;	�=7 O�3	� ��4!A P  . ��4�* U�-
 U* Se7
k���	= �	,�mK� a7<G� P 	!? �v?�� ����� (�	? ~<� @A ;�!�0� �)�� �!`# <���� N4A 2.A.  

   �v?�W� ������ +� �* U	? ��'7(3 (�-1��� �´ 7* (4? 7*  (? p	�* N4A (I�0� (-1� (
<��4� (�	= 	Á[
 �2�
 U* U�' Se O;	�=CMTS 7* EQAMk[
<��  �v?�� ���� ;�<I� (I�0� (-1� (2 O;	�= (? p	�* N4A 

 a7<G� P ;������ �	,4��!4� (I�0� (-1� ��
��� ���� ��	£ (? ��,4� >�2.A. 
4.1.5.3.6.A   _�#��� c��$ ,�A�A� ��F'�D &���#�' �CMTS �
 EQAM 

 ����� ��<
* <r* U'DRFI �
	!3 ��4�	© ;	�I� º��� <3� q2�� �
 CNR ��<IT dB 59 c�A �	�# P ��	I� 
MHz 5,08� �!"# ±r �1# 85 ;	�= QAM�  DRFIz�	��� .  

i
 O�	03� c��x�7���� ;�<= ~��0� U* c��� U�-
 ��!=� ����I� �4dB 5 ;7���� �[x ;�<= +� (=*  ��_�� ;�	�R
 a	��' ��� ~<� P �
7 O��4�	© ����I�256QAM .i
7k	w
* c��� ��4�	© ����= >w
 ;	�I�� �,g U* O�	03� c�`� O

��!=��� ����I�� +� (=* ������ <�A . (
<�� $<Z�0
710*log10 (8 MHz/5,08 MHz) �	�# c�A P ����� �	03 
 ����I� %	g�g �	,4��� �
���� $<Z�0�QAM  ��!=�� DRFI ����= (�	I� Oz�	��� PAL ��4�	© . O�[A* c���2K� >�7

$	"�� �,0��	� 85 ;	�= QAM <�,�� P �����W� ~7	0� O5 a7<G� +� 4.A �
	£ CNR ��<IT ��4�	!��� dB 59. 
 a7<G� ���
4.A�	���� ¥�	m ��1�	�� �	,4��W�  . ��!»� ����I�� ��r �K	3� P7N4�� qx  ~��0� M��� ���
 a<
 O;�<I��"dBc";	�I�� ;�<2 P ��	£ ~�=� ��,0# ��!�
�	x�� ;�<= �,0# N4A  .��7Â��� ¥�	m .1�	
 �� �	,4��� c

 ��!n ����I� ��	!�� ;�<2 >� �	,�m� ��� �	����N q0�� .`,�
 ��
 �	,�mK� ��1�7 O;	�I�� ;�<= ~��0� M��� ���4�� 
"dBc"�<= ����� �#* N4A  ;�<��� @A ;	�= ;�<= P q`��� +� ���Z�4� O;�<��� @A ����� O;	�I�� ;) a7<G� �"#�3.A (
i
 ����;�<I�� M��� ���4�W� ����I�� >�� >� �� D!0. 
Â���7 +� ���,�� �1 �' 4���4�W� ����I4� ;�7	s�W� ����I�� P �	,4��W� . 
Â��
7 <�,�� �5� ����I�� >�� P �	,4��W� ���4�W� ����I�� +A ;<��,�� ~�m� .i
7 ����I�� o�� %	�y��	� D!0"~�m�� " +�

<�,�� ������ ��,4� 5 .ir <= O���4�� ;	�I� �y�	y��7 ��#	y�� ��I2����� (y� O��%	�y��K� >��7a7<G� P (�	-�	� ��<. 
Â��
7 <�,�� �6 ��#	y�� ��I2����� ����I�� N4A �	,4��W� 2N  ����I��7 �y�	y�� ��I2�����3N. 

 7�*[�4.A G c"$ &���#�' CMTS �
 EQAM_�#��� c��$ ,�A�A� �F'�D i��  

N ���)� ��&(�
� '�* +��
%&�'�� ''
� ��(�   

�(,
� -�.(
�  
1 2 3 4 

N > 4 

�3'���� 4!512  

 /�0(Power, 0,5) dBc  

1   �� ���
�� �
"!��kHz 750 ��
� x� 
�
"< ���� 

< –58 

dBc

< –58 

dBc

< –58 

dBc

< –58 

dBc

<10*log10 [10–58/10 

+ (0,75/8)*

(10–63,5/10 + 

(N–2)*10–71,5/10)]

2 
 ���
�� �
"!��)kHz 750 ���� ��
� x� 

 y2 �
"<MHz 8�
"< ���� ��
� x� ( 
< –60,5 

dBc

< –59 

dBc

< –58,5 

dBc

< –58,5 

dBc

<10*log10 [10–60,5/10 

+ (7,25/8)*

(10–63,5/10 + (N–2)*10–71,5/10)]

3 

 ���
��� ���
�� �
"!��)MHz 8 ��
� x� 
 y2 �
"< ����MHz 16 ���� ��
� x� 

�
"<( 
< –63,5 

dBc

< –63 

dBc

< –62,5 

dBc

< –62 

dBc

<10*log10 [10–63,5/10 

+ (N–1)*10–71,5/10]

4 

 �s�
s�� ���
�� �
"!��)MHz 16 ��
� x� 
 �
"< ���� y2MHz 24 ���� ��
� x� 

�
"<( 
< –71,5 

dBc

< –68,5 

dBc

< –65,5 

dBc

< –64 

dBc

For N = 5: < –63 dBc; 

For N = 6: < –62.5 dBc; 

For N ≥ 7: < –71.5 + 

10*log10 (N) dBc
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 7�*[�4.A G c"$ &���#�' CMTS �
 EQAM_�#��� c��$ ,�A�A� �F'�D i��  

N ���)� ��&(�
� '�* +��
%&�'�� ''
� ��(�   

�(,
� -�.(
�  
1 2 3 4 

N > 4 

�3'���� 4!512  

 /�0(Power, 0,5) dBc  

5 

 Z�&
 ���"< 3 c
d�d)MHz 80 y2 
MHz 1003( 

 �
"< 1@ 3 �	
!�MHz 8c
"s�	
� :  
  
(   �
"!��)�����"! (���h���  

p(   �s�
s��� ���
s��� >�?� ���"!��
 ���
��) 9�"��� �\��1� 2� 3� 4 

���[� �,- 3( 
e(   ���
s�� �!������ k� �"��Y��� ���"!��

 �s�
s���) �"��� �\��6���[� �,- 3 ( 

< –71,5 

dBc

< –68,5 

dBc

< –66,5 

dBc

< –65,5 

dBc
< –71,5 + 10*log10(N) dBc

6 

 ���"!�� x� 1@ 3MHz 8 �	
;�� 2N 
 ���"!�� x� 1@ 3 �
MHz 8 �	
;�� 

3N �
s�� `!������ ���]�� k� �"��Y�� 
� `!������ >����� *�# /�
s��) ��

MHz 1000( 

< –71,5 + 10*log10(N), or –63 dBcF@
 
;��
 6  

2.5.3.6.A   ��3�d� ��S�K�' j�2S��� CMTS �
 EQAM�S � ���12� ���'�  

 X0I�� �"#�2.5.3.6.  
3.5.3.6.A   ��3�d� ��S�K�' j�2S��� CMTS �
 EQAM��'���' ���12�   

 X0I�� �"#�3.5.3.6.  
4.5.3.6.A   ��3�d� ��S�K�' !!"S _��3V�� CMTS �
 EQAM��'���' ���12�   

 X0I�� �"#�4.5.3.6.  
6.3.6.A   ��S�K�' *���SCMTS �
 EQAM  

 C�,�� D�0�� �2�
 	�<�A� DTI ��0�_� ���	I�� MHz 10,24 5	6) (�I
 U* Se ODRFI N4A ���	
 v�� ���	I�� z�	��W� 
 ��0�_� ���	I��MHz 10,24 �	!0I� $�<Z��	� M/N a7<G� P ��7 	!? 5.A.  

1.6.3.6.A   ��S�K�' *���SCMTS  

 (�I
 U* SeCMTS ��0�_� ���	I�� N4A ���	
 v�� ���	I�� CMTS �	!0I� $�<Z��	� M/N a7<G� P ;������ 5.A.  
2.6.3.6.A   ��S�K�' *���SEQAM  

 C�� D�� >� (!�� 	&* S,0�DTI N4A Se O��1# EQAM $�<Z��	� ��0�_� ���	I�� N4A ���	
 v�� ���	I�� (�I
 U* 
 �	!0I�M/N a7<G� P ��7 	!? 5.A.  
3.6.3.6.A  @M�D �'� 7*2'  

 /�bf ′�� a<�� (y�  /�7 ��0�_� ���	I�� N4A �4�I� ���	
 v�� ���	I
m
f ′ v�� ���	I�� N4A �4�I� ��0�_� ���	I�� a<�� (y� 

���	
 . /�7fb /�7 �<� .°� ��	
 v�� a<�� (y� fm ��°� ��0�_� ���	I�� a<�� (y� (MHz 10,24) . ���	I�� (�= >�7
 O��0�_� ���	I�� N4A ���	
 v�����	��� ���	�W	� Ä	��rK� Se:  

bf ′  = fm*M/N 
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���	��� ���	�W	� Ä	��rK� Se O���	
 v�� ���	I�� N4A �4�I� ��0�_� ���	I�� >�7:  

m
f ′  = fb*N/M 

 U* ÅrKM7 N a7<G� P 5.Ak	!�= U	�<Z�0
  ;<r�7 (? (y© O�V�V� 16�= ����7 ���  �!bf ′  7*
m
f ′  +� �y?* H0��

±  ;�<Q� ��°K� 	6�!�= +� U��4W� +� %v).  
 v�� ���	I�W H�=���� d�B ��	��W� ���·K�7EQAM/CMTS RF $7<B ��0�_� ���	I�� P ���' �	1W� ODTI U* Se O

 +� (=* U�-
ns 1,5 @A p	IW� 100�#	� �.  
Â��
 a7<G� �5.A X�=7 O�,r	L�W� ��°K� 	­K<��7 O��4!�� ���	�� S��	��� fb � M7 N �h	��� ����v�W� ���	I�W� �K<��7 O

��°K� 	6!�= +� 	­	��	�7.  

 7�*[�5.A G��3�d� ��S�K�' +' �'���� &�1�2'� @M�D �'� &�*2'   

8&�09  
:��2 

��� ;���  
 1<� '�=fb  
(MHz) 

M/N 

�!���!� ;���  
 �!>!?�

m
f ′

  

(MHz)  

��� ;���  
 :��2bf ′  

(MHz)  

A� /
�@  
1<� 

ETSI EN 

300 429, 

64QAM 

6,952 1280/869  10,240... 6,952  ppm 0 

ETSI EN 

300 429, 

256QAM 

6,952  1280/869  10,240... 6,952 ppm 0 

7.3.6.A  S�K�' j�2S����'���' ���12� �#M�D �'� ��  

�<� ���� ~<� @A ¥7�v� �	�# S#	) ��� %	g�w� ���	��� �	,4��W� ���	
 v�� ���	I�� Ã4� U* Se:  
• < [–53 + 20*log (fDS/6,952)] dBc (i.e., < 0,07 ns RMS) 10 Hz to 100 Hz 

• < [–53 + 20*log (fDS/6,952)] dBc (i.e., < 0,07 ns RMS) 100 Hz to 1 kHz 

• < [–53 + 20*log (fDS/6,952)] dBc (i.e., < 0,07 ns RMS) 1 kHz to 10 kHz 

• < [–36 + 20*log (fDS/6,952)] dBc (i.e., < 0,5 ns RMS) 10 kHz to 100 kHz 

• < [–30 + 20*log (fDS/6,952)] dBc (i.e., < 1 ns RMS) 100 kHz to (fDS /2)  
 U'fDS�	I�W ������ �
  ��	I� ���;<r7 MHz . �!�= U�-� U* Se7fDS���	
 v�� ���	I�W X0I� 7* D�V� �<���  .k[y!2 O

 ���	I�� p	�= +-�fDS = 27,808 MHz ���	I�� ª	�
 H#	? ��' MHz 6,952�r	�� �µ�� .  
 5	6) �2�
 U* SeDRFI	6�2 U�-
 ���	I�� �	,�mK �4��7 z�	��� :  

•  �	,�m� �	I# 5	6G� �2�
���	�� v���� ���	I��7 ��0�_��� ���	I�W� �' ��	,W� �	��4� .  
k[
<�7 z�	��W� 5	6G� �2�
 U* Se O��� +A DRFI��2 U�-
 �	,�m� ��4�* :  

•   v�� >�	��QAM �7	��� C���� >�	��� a<,�0� ��	�� (1, –1, 1, –1, 1, –1...) +� (? N4A O.°� /	0�� <�A I7 Q.  
•  5	6G� <��
 ���)�� ���	I�� +� ���	
 v�� ���	I�� MHz 10,24�
�	A ����v�� ��4!A P 	!? .  

 �r	�� O�[A* ����� %	g�g �	,4��� ��,4� N4A ;��	= O�Vg�7 ���	
 v�� ���	I�� H#	? ��') U7� M�4© ���	I�� O(y�
���	I�� U�<�� ¼	����(i
 K O��
 �	,�mK� ��4�* S4�.  

8.3.6.A  ��S�K�' _��3V���'���' ���12� �#M�D �'�   

 X0I�� �"#�8.3.6.  
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7.A  ���� ����	 
����
 �����
� ����
�  

1.7.A  �'*K'  

 X0I�� �"#�1.7.  

2.7.A   �'�� U3VMPEG  

 X0I�� �"#�2.7.  

3.7.A   ��9
�MPEG E�R n5 &��#2. DOCSIS 

 X0I�� �"#�3.7.  

4.7.A   �2W���� ���1u�MPEG E�R n5 &��#2. DOCSIS  

 �"#� X0I��4.7. 

5.7.A   ��5"
�� �K�#�� +' E5�
���� MAC  

 X0I�� �"#�5.7. 

6.7.A  ��!�' �K�b +' E5�
���  

 ��5� z2<� q�1� SeMPEG-2k	I,� �  [ETSI EN 300 429].  
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 ������B  

�	
���	
� ������� ��� ������� ������  

) %v) zV4W� ��
 (-1
*vs�
 K������� ��
 +� (  

W� ��
 z,��
 X0I�� P ��	y�� 	�)����-��� �	�m N4A zV41) 1-1 z�,���� a	n .($	0=�� �' >)�� Oa7�� �	�Z4� �,0��	�7  
2.47 67 7.  

 ���4�W� �
�	W� �I,��� �	����� zV4W� ��
 �L
� CMTS7 (�	-�� EQAM��#	�	��� �����!4�  .K7 ��	�m zV4� ��
7  ��b

h ���	6� ��<�' N4A �I
�� �d��[A* 	6��' �	1W� $	0=�� P ������ ���	!1�� 	-
��* 	�)����-� �	�m �' �!w�� ��v�6.  

 ¸ f�� ��q�`��� z,��� ��r ������� %v) �' q1� f�� zV4W� ��r <�� �Ir[�	? ���I��� X�=��� Ä	��rK� ¸ <I�
	6��7 .W� ��
 P �,_	x +
7	���� $	=�* o�� U�-� <= O���� �s��#7k��"# OzV4 P �=[��� ��� ;�I��� P q�`� S4� $<�� 

�����4� .0�_��� ¬���.  

1.B  �����
� ������
��   

 X0I�� �"#�1. 

2.B  ������  

X0I�� �"#� 2.  

3.B  ����!"� #�$%�&'  

 X0I�� �"#�3.  

4.B  #��&�(��#�$%�&���   

 X0I�� �"#�4.  

5.B  ��%��)�
� #�*���+,�  

 X0I�� �"#�5.  

1.5.B  \�"5 _�#V oI p�
V ���a 

 X0I�� �"#�1.5. 

2.5.B  &���eq��� &�A�"�W� 

1.2.5.B !!"��� �#$  

i
 O��	�� �	hK� P {� (=* �2	� �7�� �	�# �� (,? $	"# U* c���MHz 90 +� ~<� P 	6�-�7 ������� �4I�0� 	�4A �2	r7 
350 �' MHz 770 .i
 O��� �7�W� �	�# P7 ���	�' ��)7 c��� .4�	© U�
v�4�NTSC ����= P MHz 6 ���� N4A 

�	���� �w
�A7 �	���� �I�g ��!=� ���	�' ���?7 OU	�	��� ��m. 
2.2.5.B  %"$
 &�'*$ +' �',-.�  

 X0I�� �"#�2.2.5. 
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3.2.5.B ��"$/ 0�12�3' 4�5 6#$ 7�5 "8
  

 X0I�� �"#�3.2.5. 

3.5.B  �#M�D �#r &�A�"�W� 

 X0I�� �"#�3.5. 
1.3.5.B  7�9�;� &����3' 

 X0I�� �"#�1.3.5.  
2.3.5.B !!"��� <�5 

 X0I�� �"#�2.3.5. 
3.3.5.B ��1=�� ���8�> ?��= @�A  

i�2� O��
 	�)����-��� �	�m �
��� <�A �1# c�110p*� ��� P ��!=� ;	�=  . �	0r c��x�7CNR ����= �
	!3 
i�2� O��4�	©���� N4A >g�� ��4�	!��� ����I�� U* c���!=��� ����I�� (�	I� ;	�I�� �,g <�A (=* ��. 
4.3.5.B ��8�> ���B C*D 

 ����� ��<
* <r* U'DRFI �
	!3 ��LIW� º��� <3� q2�� �
 CNR ��4�	© ;	�I� dB 60� �!"# ±r �1�� 110  ;	�=
QAM DRFIz�	��� .  

 U�-�� ��!=� ����I� �4��W� ;�<I�� ~��0� U* ������� c����7dB 6 ����I� ��_�� ;�	�R ;7���� �[x ;�= +� (=* 
 +� (=* .!=� a	��' ��� +� ����� �y?* �
7 O��4�	©dB 10 .i
7k	w
* c��� N4A ��4�	!��� ����I�� >w
 ;	�I�� �,g U* 

��!=� ����= (�	I� (=* ������ .i
7 (
<�� $<Z�010*log10 (6 MHz/4 MHz) $<Z�0� �	�# c�A P ����� �	03 
���4�	© ����= (�	I� ��!=� ����I . $	"�� O�[A* �	g���2K� �7	0� O�[A* c���2K� >�7110 ;	�= QAM P �����W�7 O

 <�,��5 a7<G� +� 4.B �
	!3 CNR ��4�	© � dB 60. 

6.B  �!��" �-��.
 ��/�' ����+ ���0 ��1�.' 

1.6.B  %*.�  

��	y�� 	�)����-��� �	�m N4A X0I�� ��
 z,��
 X0I�� P ���' �	1W� 1) 1-1~<W�  .( �	,4��� U�-� ��r �K	3� P7
.0�_��� ¬��� P >)�� �2��
 O�4�	!�� 	�)����-��� ���	�m >��.  

 X0I�� �"#� OX0I�� ��
 .=	,�71.6.  

2.6.B   _�"WedgeQAM (EQAM) �5 CMTS 

 X0I�� �"#�2.6.  

3.6.B  P��Q�  

1.3.6.B  P��Q� 7�R�S�"M  

� U* Se ��A���� �I,��� z�	��PMD >� ���	�� [ITU-T J.83-C] .i�7��� X0I�� P ��1W� �	!A* �3.3.6.B . ��4�	= <!���7
 ��
��� ���� ;	�= N4A ;�2�W� �	���W� ��<m N4A {�� ��1� z!�� z�,����QAM�����  . ��1� �	!A* z�,�� ��4�	= U'

 ���	A �A�� �	���� qx O��<m X�40��DOCSISO ¥�	m .
 z�,�� a	nzV4W� ��
 .  
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2.3.6.B  T�#�� U3V  

 N4A SeW�-̈1 (�� ;	�= (-� ��	QAM�  EQAM 7* CMTS �,?�? >� ��4!A �2�
 U* O64QAMP ��7 	!?   
[ITU-T J.83-C] �,?�?7 O256QAM P ��7 	!? O2.4.3.6.J +� [ITU-T J.122]. 

3.3.6.B  W &�'*$ X5*� Y��*��� EM�K�� "�ZF�������5 �5"9 &��#2'� ��*� 

 XA<
 U* SeCMTS ��A�2 �I,� 7* PMD ���	
 EQAMa7<G� P �2��W� �	��	B� �� ��1�  1.B.  
 �
�1� �I
�� U'256QAM ~7	0� [ITU-T J.83-C]�
�1��� z!A X�= %	�y��	�  . �
�1� z!A XA<
 U* Se7I = 12 +� 

 (,=EQAM 7* CMTS . XA<
 U* 5�e7EQAM 7* CMTS �
�1� �	!A* I = 34 7* I = 204 .a7<G� {,
7 1.B 
 <�A ��1� �	��	mMsymb/s 5,274.  

 7�*[�1.B G�ZF' &����$  

I 

)�
�	
� ���� '�*( 
J 

)�����( 
���C ��D� 

64QAM/256QAM 

E&�� 

64QAM/256QAM 

12 17  μs 18/μs 24  ms 0,43/ms 0,57 

34 6  μs 51/– ms 1,28/– 

204 1 μs 300/–  ms 7,85/– 

4.3.6.B  �#M�D !!"S �#$  

��2 (!�
 (,-� $	"# 	6�<Z�0
 f�� ������ ��B ���	
 ���� ��m (y�© U* .`,�
 .k[y!2 U	�	��� ���� ��m ��
 U�-� <= O
 �K	!3QAM ��!=� ] ;�	W�(1)-23 .[ {� 	� ����I�� >�!G ��4�`1��� �������� (!1� U* Se7MHz 907 MHz 770.  

5.3.6.B   c"$DRFI�d�M"e���  

 X0I�� �"#�5.3.6.  

1.5.3.6.B   c"$CMTS �
 EQAM�d�M"e���  

 ¥�m ���
CMTS 7* EQAM1� ;�	�R ¾- a7�<G� P �2��W� �	��	B� >� ��
��� ����� �42.B7 3.B7 4.B . ���7
 ��!»� ����I�� >�� �
 �	,4��W� ��
N	�= %	�y��	� O;�<I�� ����� M��� ���4�W� O ��� %	g�w� ���1# ;<�r7 ;

 �	,4���7) a7<G�3.B (��L�Z1� ��	£ H,?. 

 7�*[�2.B G�d�M"eR f��!�� !!"S c"$ &���#�'   

������  ��!�
� 

 ����� ����(fc) ���� 	
�� �
 
 ������ �CMTS �� EQAM 

 FG �� ���� ��MHz 93 �� MHz 767  

�����  �����!� �"
� . #��$� �%&�3.B 

 '(�)�*��� 64QAM +256QAM  
 ����� #���)-/�(  

 64QAM 

 256QAM  

 

Msym/s 5,274 

Msym/s 5,274  
1)/� 	
�� 	�2
3� MHz 6 
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 7�*[�2.B G�d�M"eR f��!�� !!"S c"$ &���#�'   

������  ��!�
� 

���� 1"
4�5�  
 64QAM 

 256QAM  

 

~ 0,13 Square Root Raised Cosine Shaping 

~ 0,13 Square Root Raised Cosine Shaping 

6
7��� 8 -*�
9 :�*� ;
<�<  
  
  

 ;
<�<6
7��� 8 1)*�
9  
  
  
  

6
7��� =�
> 1)*�
9 ;
<�< 

 ?@A��� ) 1%BCD�2 (dB 35 <  

A��� dB 43 < MER  
  

dBc 48– ≥ 1!EF�D� 1)*�
G� ;
<�H�� I
4��� J)K 	
�L!� 1)*�
G� ;
<�H�� �M*� N)B O
��>� 1"�@�� ?@ �5�� I
4���� +P��MQ��� 1)�
L)D� R�7>� 1�
MS� T���� .U�� VW�� ;
<�H��

8 1)*�
G� kHz 50±1�
MX!�  . 8�N > 1U� + 6
7& Y�2 =�
> ;
<�H�� VW��Nyquist.  
  

 #��$� �%&�4.B 

��Z ;
<�<  
 +17)*& 	�)B� 	
��N - 1  

 1��3�� I����) [�L�� �%&�
2.1.5.3.6.B (6)(  

  64QAM� 256QAM  
  

 I���� J)KN17)*& +  
) [�L�� �%&�2.1.5.3.6.B (7)(  

  64QAM� 256QAM  

  
kHz 10 – kHz 1:  dBc 33– P&
$� 1]���� ;
<�< 	���  

kHz 50 – kHz 10:  dBc 51–P&
$� 1]���� ;
<�< 	���   
MHz 3 – kHz 50:  dBc 51–P&
$� 1]���� ;
<�< 	���   

  
  

kHz 10 – kHz 1:  dBc 33–P&
$� 1]���� ;
<�< 	���   
kHz 50 – kHz 10:  dBc 51–P&
$� 1]���� ;
<�< 	���  

=�> 1��
�� 75^��  

 =�> 	��2 ���L_) 1%BCD�3( dB 14 < ���� ��� 8 17)*& =�> 	
�� 8  ��MHz 90  ��MHz 770 ) 1%BCD�4( 
�`��  �`��F ��� [[IEC 60169-24] 

 �"#$��1 a �M*� kHz 30 b
/ � kHz 25 ���� c�
d e�
 FCC	�2
` If�g 8 	�
2 V3� . 
 �"#$��2 ah  ��MER) �)�*� i7> 13�& (j
W� �3L��� [k���� b
l�� =�> ��2 �L& m]�� ��l �*B ?n� 175��" . �M*��

MER��>
� 1"�@�D� ?@ �5�D� I
4���� +:�*���� P��D� I
4���� 1)�
L)D� R�7>� 1�
MS� T���� 1)*�
G� ;
<�H�� J)K  .
�� �M*MERA��� ?@ o
H�� <��� +-7> p)l�� :�*� q��� 
r�3L���  .U�� sB ��Z ;
<�< VW��kHz 50± 8 1F`��� �� 1�
MX!� 

o
��t �
� 
M!� 6
7��� 8 1)*�
G� I
3!7�D�� ��7�� ;
<�< �EF� +6
7��� . u
)� ��2�MER 6
7& Y�2 �� �4��� #�Z ����� ��v +
u
)L�� �� wFx�� ���� ��Z ;
<�< ;
�W�5f 1�
y J3�� 	��2 . 13���
"�� MERA��� q��� IC�
�� P�h +z37�� �3L���  �3L��� J� {

�
3�>f� |h }
r] J� �M�� . 13���
"�� MERA��� ?@  ^�� �~� +[%��� �3L��� 1"
4�5� 175��" 1!3L��� 1���� IC�
�� T
�B ��v +
z3W� � +��
�z̀ �� 
���2 |�
3�>f� |h }
r] � . I
3!7�� Y��F��MER�� J� u
)�  1�
�� J� 	��
�� �
3�>� 	�MER1"�X�D� 1)L3�D� .  

 �"#$��3 a1_
B �� 1_
B �� ������ b����� . 
 �"#$��4 a �_� �~� EQAM �� CMTS ����� ���� �� 1��> MHz 93)  �7��� �%&�1#��$� 8 ( �_�� �� P� +EQAM �� 

CMTS 	��2 ���L_ dB 14 < 17)*& =�> 	
�� 8  ��MHz 90��  (fedge) MHz 770.  

1.1.5.3.6.B   ?��= E�� ?�*K��CMTS �
 EQAM 

 <��
 U* SeEQAM 7* CMTS a7<G� P H2�A 	!? ;�<= ���<I� >� ��
��� ���� ¥�m 3.B . ;�<= U�-� U* 5�e7
��W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� ;	�= (? p	�* N4A (
<��4� �4�	= ;	�I� ��
��� ���� a7<G� P �23.B .

 �<� U	? ��'7EQAM 7* CMTS U* ;	�I� ��
��� ���� ;�<= N4A U�' Se O;	�= (? p	�* N4A �4I�0� (�-1� ;�<I� 
 a7<G� P �2��W� ;�<I�� ���<I� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�* N4A (
<��4� �4�	= U�-�3.B.  
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 7�*[�3.B G ��eO c"$ ?�*= DRFI 

������  ��!�
� 

	
�� ��� T�!7� #
5�� 	��L� ��� dB 8 ≤ �!2 �
FS� �� ��� 	���� 1"�!7D� 	��L�� ����� �� ��� 
 ��� e2 1!�
� 1��dB 8  

	
�L� -���� [4B ��� 1"�!7� 	��� dB 0,2 ≥��EB ��*" 	��7�  

 	��_ 8 ����
4�� ��
�� �� �" 	��L�� 6�_) 1"�!7� 	��� 6�_ J�
�X���L��� ��*" �����!� 1!"
� 	
�� 	��� |&
� �~� 1"( 

dB 0,5 ≥ 

 	��_ 8 ����
4�� ?@ ��
�� �� �" 	��L�� 6�_) 	��� 6�_ J�
�L��� ��*" �����!� 1!"
� 	
�� 	��� |&
� �~� 1"�X�� 1"�!7�( 

dB 1 ≥ 

1L!7� 1�� I�~ 	
�� ��� 	��L�� dB 2± 

 1)E)x*� 1�
y |3�)3P)�
5� (  
T�!5� 1 :1��3�� 	�B�� 	
��  

  
  

 T�!5�2 :	�B�� ;
�W�5
" 1��3�� I���L�� J)K  
  
  

 T�!5�3 :1��3�� I���L�� J)K 

  
(1  dB 50 ≤ 6
7& Y�2 8 1�
y |3� Nyquist 	
�� �� 8 

 	�B��MHz 6	��F�� 8  . 1�
2� �� c�� ��� ��9 }
�� P��
	��F�� 8 ��>� I����.  

(2  dB 50& Y�2 8 1�
y |3�  6
7Nyquist 	
�� �� 8 
MHz 6	�B�� ;
�W�5
" 	��F�� 8  . c�� ��� ��9 }
�� P��

	��F�� 8 1)L3�D� I���L�� 1�
2� ��.  
(3  dB 50 6
7& Y�2 8 1�
y |3� Nyquist 	
�� �� 8 

MHz 6	��F�� 8 . 
������ ���� 	��_ I
�5� dB 73 ≤
�� �� 8 +	��F� |�
5 ?@ JM� 	��� �� ���  	

MHz 6	��F�� 8  

 I���� �� 	
�� ��� 1"�!7D� 	��L��N ������ ���� �F�� 8 1�M�� 
�)B� :'N'  =1�M�� I���L�� ��2:  

 N = 1 

 N = 2 

 N = 3 

 N = 4 

 N > 4  

 8 1"�!7D� 	��L��dBμV	
�� ���   
 

120 dBμV 

116 dBμV 

114 dBμV 

112 dBμV 

120 – ceil [3,6*log2(N)] dBμV 

2.1.5.3.6.B  *�g� f��!�� !!"S Z
�' 4�5 ?!*2�' &���= h ��!"W ?��= 7-K�9� 

 (!�Q� $�<Z��K� U' �CMTS 7* EQAMi
 U* +-� .W	A ~<��� q2�� �
  7* ���	A �A�� ��� �	���� �	�<B $<Z�0
�
<�2 �	�<m .i
 U* ��7�w�� +� OS,0�� ���7�2�
 U* p	�* N4A ;	�= (-� ��1W� z!A �,w 	�' S�	�� a	��' z0# 

�
�	A ��4!A P �)	3� S0r �	���W 7* �
<��� . ;�<2 �* U'N-channel�  CMTS 7* EQAM {I!A P 	64�-1� +-� 
 (=�� N4A ��1W {�4��I = 12 . ��' (`1!4� �
�= <_��2 <)�� O¥�r qx ;	�= (-� ��1� z!A P X-V��� U* +� Xx��	�7

 �2��� EQAM4A ;�<IW� ;	�= (? p	�* N4A (�-1� �´7 �v?�� ����7 ��
��� ���� ;�<= �,g N. 
(1   ;�<��W� ����I�� U�-� U* SeCMTS 7* EQAM (=�� N4A {�4�� {I!A >� (�-1�4� �4�	= I = 12 {� 	!�2 

 ����=N {��� +� <r�7 z!A $<Z�0� ;	�= (? >� O��
��� ���� ¥�m ���� N4A )�y?* 7* (� �	!A* +� O��1
 a7<G� �"#� O;	�= (? p	�* N4A1.B��1� �	!A* +A �	��4�W� +� <
vW . 

(2   ;�<��� ����= �2�� U* SeCMTS 7* EQAM 3  ��L�Z1� c��x� ��
��� ���� ;�<I� ��	£ H,-� S��	�*
 �"#� O�
�	,�m�73.B��	!3 ��
��� ���� ;�<= H,? ~��0�7 ��4�* ���� .  

(3   ����= �2�� U* 5�e ;�<���CMTS 7* EQAMk[
<�� k[I�0�  ��,4� >� ;	�= (? p	�* N4A ��
��� ���� ;�<I� 
 a7<G� P ;������ �	,4��W� (I�0� (-1� ��
��� ���� ��	£ (?3.B. 
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(4   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  �2�� ¿ +�7 O;	�= (? p	�* N4A �v?�� ����� 
k	L�L���  a7<G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� ��	!�� qx ;	�= ���2.B. 

(5   ;�<��� ����= �2�� U* 5�eCMTS 7* EQAMk��	��m� k[I�0�  %��� O(�-1� S����� 64QAM  7*256QAM 
 a7<G� P ;������ �	,4��W� (I�0� (-1� ;	�= (? ��,4� >� O;	�= (? p	�* N4A2.B.  

(6   �2�
 U* SeCMTS 7* EQAM ����I� (-1� O��<B� ¥�	m �	,�mK O��4!�� �	,�m� ��4�* N <��
 +-�7 
i�7 8;�	�� ;	�I� �v?�� ���� <�A ;�� (? P ;<r�7 ;	�=7 O;	�= (-� ;<r�7 ;�!�0� �)�� ����I�� >�� H,-

��!»� ~�m�� . ��
 �	,�mK� ��4�* c��x* <r*7�
�	,�m� �I
�� XA�  a7<s4� ����� %	g�g �	,4��� 2.B .
 O.4!A <r .L=* �' ���	�' <���� �404� ;�!�0� �)�� �	,�m� �!`# <���� $<Z�0
 U* .`,�
 O���? ��	,�A	�7

k[y!2 8.4�2 .4�`1� %��� ����� %	g�g �	��	m D�g�� �I
���� ��u7 ;�<= >� 5��� �,?�-� ��-�W� �	��mK� O
 ~��0� +� �,
�=RMS-� ���=�7 �I
��� ����4� >2���� a�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?� . Se7

k���	= �	,�mK� ��4�* U�-
 U*a7<G� P 	!? �v?�� ����� (�	? ~<� @A ;�!�0� �)�� �!`# <���� N4A  2.B. 
(7   �2�
 U* SeCMTS 7* EQAM<��
 O��<B� ¥�	m �	,�mK O��4!�� �	,�m� ��4�*  (-� ;<r�7 ;�!�0� �)�� 

~�m�� ����I�� >�� >� 8;�	�� ;	�I� �v?�� ���� <�A O;	�= N – 1  (�-1� N4A �
��Q�7 ���1��� ��!»�
��4�`1� ;�<= �	
��0� <�A �3	� �	���� . ��
 �	,�mK� ��4�* c��x* <r*7�
 �	,4��� �	,�m� �I
�� XA� 

 a7<s4� ����� %	g�g2.B .�? ��	,�A	�7 <���� �404� ;�!�0� �)�� �	,�m� �!`# <���� $<Z�0
 U* .`,�
 O��
.4�2 .4�`1� %��� ����� %	g�g �	��	m D�g�� �I
���� ��u7 O.4!A <r .L=* �' ���	�' .k[y!2 �	��mK� O

 ~��0� +� �,
�= ;�<= >� 5��� �,?�-� ��-�W�RMS�V��� �404�7 (�-1��� X"�T $�I
 �#* 7<,
 �,?�-�  a
���=�7 �I
��� ����4� >2���� .7 PÀa�,I� O��
 �	,�mK� ��4�* O;�<I�� ����� M�# <�A ����I�� >�� (!�� U* 

 ����= (? ��� P 	TN – 1 �v?�� ���� <�A ;�!�0� �)�� �!`# ��� ;<�r7 ;	�=7 O�3	� ��4!A P . Se7
k���	= �	,�mK� ��4�* U�-
 U*�!�0� �)�� �!`# <���� N4A  P 	!? �v?�� ����� (�	? ~<� @A ;

a7<G� 2.B.  
   �v?�W� ������ +� �* U	? ��'7(4 (�-1��� �´ 7* (5 (? p	�* N4A (I�0� (-1� (
<��4� (�	= 	Á[? 7* 

 �2�
 U* U�' Se O;	�=CMTS 7* EQAMk[
<��  �v?�� ���� ;�<I� (I�0� (-1� (3 O;	�= (? p	�* N4A 
�� ��	£ (? ��,4� >� a7<G� P ;������ �	,4��!4� (I�0� (-1� ��
��� ��2.B. 

3.1.5.3.6.B   _�#��� c��$ ,�A�A� ��F'�D &���#�'� CMTS �
 EQAM  

 ����� ��<
* <r* U'DRFI �
	!3 ��4�	© ;	�I� º��� <3� q2�� �
 CNR ��<IT dB 60� �!"# ±r �1# 
110 ;	�= QAM�  DRFIz�	��� .  

���� ��
 c����7 U�-
 ��!=� ����I� �4��� ;�<= ~��0� U* ���dB 6 ����I� ��_�� ;�	�R ;7���� �[x ;�<= +� (=* 
 ��� +� ����� �y?* ��� �
7 O��4�	©dB 10.!=� a	��R (=*  .k	w
* c����7 >w
 ;	�I�� �,g U* �� ����I�� ��4�	!�

��!=��� ����I�� +� (=* ������ <�A .i
7 (
<�� $<Z�010*log10 (6 MHz/4 MHz) %	g�g �	�# c�A P ����� �	03 
��4�	© ����= (�	I� O��!=� ����I� . $	"�� �,0��	� O�[A* c���2K� >�7110  ;	�=QAM O�7	0�<�,�� P �����W�  5 +� 

 a7<G�4.B �
	£ CNR��<IT ��4�	!���  dB 60. 
 a7<G� ���
4.B�	���� ¥�	m ��1�	�� �	,4��W�  .3� P7 ��!»� ����I�� ��r �K	N O;�<I�� ~��0� M��� ���4�� qx 

 a<
"dBc";	�I�� ;�<2 P ��	£ ~�=� ��,0��� �[,�0
<�� N4A  . �	,�m� ��� �	���� ¥�	m .1�	
 �� �	,4��� c����7
 ��!n ����I� ��	!�� ;�<2 >�N q0�� .`,�
 ��
 �	,�mK� ��1�7 O;�<I�� ~��0� M��� ���4�� "dBc" ����� �#* N4A 

 ;�<��� @A ;	�= ;�<= P q`��� +� ���Z�4� O;�<��� @A ����� O;	�I�� ;�<=) a7<G� �"#�3.B (i
 ���� >�� >� �� D!0
;�<I�� M��� ���4�W� ����I��. 

Â���7 +� ���,�� �1 �' 4���4�W� ����I4� ;�7	s�W� ����I�� P �	,4��W� . 
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Â��
7 <�,�� �5,4��W� ���4�W� ����I�� +A ;<��,�� ~�m�� ����I�� >�� P �	 .i
7 ����I�� o�� %	�y��	� D!0"~�m�� " +�
<�,�� ������ ��,4� 5 .ir <= O���4�� ;	�I� �y�	y��7 ��#	y�� ��I2����� (y� O��%	�y��K� >��7a7<G� P (�	-�	� ��<. 

Â��
7 <�,�� �6��I2����� ����I�� N4A �	,4��W�  ��#	y�� 2N��I2����� ����I��7 �y�	y��  3N.  

 7�*[�4.B G c"$ &���#�' CMTS �
 EQAM_�#��� c��$ ,�A�A� �F'�D i��  

N � ��
 ���)� ��&(�
� '�* ��(�%&�'�� ''
�  

�(,
� -�.(
�  
1 2 3 4 

N > 4 

12 �3'���� 4!5  
 /�0(Power, 0,5) dBc 

1   sB 	��
�� 	
�L��kHz 750 ��  	��_ 1_
B
	
�� 

< –58 

dBc

< –58 

dBc

< –58 

dBc

< –58 

dBc

<10*log10 [10–58/10 

+ (0,75/6)* (10–65/10  

+  (N–2)*10–73/10)] 

2 
 	��
�� 	
�L��)kHz 750 	
�� 	��_ 1_
B �� 

 ��MHz 6	
�� 	��_ 1_
B �� (  
< –62 

dBc

< –60 

dBc

< –60 

dBc

< –60 

dBc

<10*log10 [10–62/10 

+ (5,25/6)* 

(10–65/10 + (N–2)*10–73/10)] 

3 
 1)�
��� 	��
�� 	
�L��)MHz 6 	��_ 1_
B �� 

 �� 	
��MHz 12	
�� 	��_ 1_
B �� ( 
< –65 

dBc

< –64 

dBc

< –63,5 

dBc

< –63 

dBc

<10*log10 [10–65/10  

+ (N–1)*10–73/10] 

4 
 1W�
W�� 	��
�� 	
�L��)MHz 12 1_
B �� 

�� 	
�� 	��_ MHz 18	
�� 	��_ 1_
B �� ( 
< –73 

dBc

< –70 

dBc

< –67 

dBc

< –65 

dBc

For N = 5: –64.5 dBc;  

For N = 6: –64 dBc;  

For N ≥ 7: < –73 + 

10*log10 (N) dBc 

5 

 ��>� I���� 8 ;
<�<)MHz 80 �� 
MHz 780(  

 	
�� �� 8 15
L�MHz 6;
�W�5
" :  
  �(   	
�L��)I���L�� (1"�@�D�  

T(   	��
�� 1W�
W��� 1)&
W��� j�
� I���L��
) ���3�� �%&�1� 2� 3� 4 ��9 8 

#��$�( 
=(   1)&
W�� 1L_���D� J� 1�����D� I���L��

 1W�
W���) ��3�� �%&�6#��$� ��9 8 ( 

< –73 

dBc

< –70 

dBc

< –68 

dBc

< –67 

dBc
< –73 + 10*log10(N)

6  
 I���L�� �� �� 8MHz 615
M��  2N �� 

 I���L�� �� �� 8MHz 6 15
M�D� 3N 
�L_����� �&��D� J� 1�����D-� �
W��  -L_�����

 j����� �!2 N�
W��) sBMHz 1 000( 
< –73 + 10*log10(N), or –63 dBce�� 
Mr�� +  

2.5.3.6.B   ��3�d� ��S�K�' j�2S�� �CMTS �
 EQAM���'��S � ���12�   

 ���
 U* SeEQAMU��5  DTI S0r U��v� C�,�� D�0��7 [ITU-T J.211] .i�7��� P ��0�_��� ���	I�W� �	����� �
[ITU-T J.211] . U��5 �2�
7DTI��0�_��� ���	I�W�  . (!1
 U* Se7CMTSK ���� (�	-�W�   $7<m �	1�� ��<¦DTI 

���	��� �	����W� >� ��0�_� ���	I�� N4A: 
 ���	I�W� �<� U�-
 U* Se ��0�_���MHz 9,2167 ��� {� �7���� ;���r �)�� P O40 ±r7 �
�^� �)�� 10 +� ����� 

 >��L��� J
�	�)�	#�* �"r[W� �"#�:(  
•  ���� �=� ≥ ppm 5±8 
•  �	�0#� a<�� ≥ 8–

10 8��#	y�� P  

•  �2	r ¼	���� ≥  ns 10 ;7�� �' ;7�� +� (ns 5±). 
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�"#$� a� 1F`��D� :�9 1)3!� }�� o
H� }
r$ 1)�)k� 1)�
L)� T�"�� ����� 175��" DRFI-]�
> ����� -�]�� ��ED  .U�5� �~�� ��9 ^�x
 }
r$ 1)�)k� 1)�
L)� ��� ���� �� P� +�r�D�DRFI ���� 1�� -!>�� ppm 20±� �F` �" b����� 	���B 1]�� 8 40 sB� 1���� 1]�� 

10 � �`�� f 
���2 +J)�E��� ���
� �� I���5����� -�]�� ��E .UB 
M� 1_
S� �
����� 6
)�&� #��� ���� �� P��:C2� ��. 

 5	6G ��0�_� ���	I�� N4A ¼	���K�7 �	�0#K� a<�� �	,4��� C��DRFI +
�7	s�� {��= ;<� U* � 9 216 000 ;�7� 
 P U�-�ns 30 ¼	���K �s��# Ons 107 {��I�� ;<� +� (? N4A ns 10�	�0#K �s��# ����  . a��* �<� ¥	����� 5�e7

}<���m� �� : �	��=921 600O;�7	s��  ≥ ns 21 a�� �	��= 8921 600 <r�7 >�= 	64L�
 9 216 000-cycleO 
≥ ns 30 �	��= 892 160 000;�7	s��  ≥ ns 120 . 5	6G ��0�_� ���	I�� Ã4� U* Se7DRFI �,0�� �	,�mK� ��
 �7<r 

99 * M�
	I� 7* �_	W� P�y?.  

3.5.3.6.B   ��3�d� ��S�K�' j�2S�� �CMTS �
 EQAM��'���' ���12�   

 X0I�� P �	,4��W� �' �2	gR	�2.5.3.6.B ��0�_� ���	I�� Ã4� U* Se OCMTS MHz 9,216 %	g�w� ���	��� �	,4��W� 
�<� ���� ~<� @A ¥7�v� �	�# S#	) ���:  

• < [–50 + 20*log (fMC/9,216)] dBc (i.e., < 0,05 ns RMS) 10 Hz to 100 Hz  

• < [–58 + 20*log (fMC/9,216)] dBc (i.e., < 0,02 ns RMS) 100 Hz to 1 kHz  

• < [–50 + 20*log (fMC/9,216)] dBc (i.e., < 0,05 ns RMS) 1 kHz to 10 kHz  

• < [–50 + 20*log (fMC/9,216)] dBc (i.e., < 0,05 ns RMS) 10 kHz to fMC/2  

 U'fMC ��	I� ��0�_� ���	I�W ������ �
 ��<r�� MHz . �!�= U�-� U* Se7fMC X0I� 7* D�V� �<��� 	�' 
� MHz 9,216 .k[y!2i��� ��' O ����� $<ZMHz 18,432K O��0�_� ���	I�W ���� �<L!?   ���	I�� <)��MHz 19,216 

 ���	I�� $�<Z��� 5�e7 O	
�	,�mK �µ��MHz 18,432 >� fMC �
7	0� � 18,432 �[A* ��q,���� P.  
 ��0�_� ���	I�� ¼	���� �	����� ���7EQAM P ����v�� ��4!A P [ITU-T J.211].  

4.5.3.6.B   ��3�d� ��S�K�' !!"S _��3V� �CMTS �
 EQAM��'���' ���12�   

 X0I�� �"#�4.5.3.6.  

6.3.6.B   ��S�K�' *���SCMTS �
 EQAM  

�,�� D�0�� �2�
 	�<�A C� DTI ��0�_� ���	I�� MHz 9,216 5	6) (�I
 U* Se ODRFI N4A ���	
 v�� ���	I�� z�	��W� 
 ��0�_� ���	I��MHz 9,216 �	!0I� $�<Z��	� M/N a7<G� P ��7 	!? 5.B.  

1.6.3.6.B   ��S�K�' *���SCMTS  

 (�I
 U* SeCMTS ��0�_� ���	I�� N4A ���	
 v�� ���	I�� CMTS0I� $�<Z��	�  �	!M/N a7<G� P ;������ 5.B.  

2.6.3.6.B   ��S�K�' *���SEQAM  

 C�� D�� >� (!�� 	&* S,0�DTI N4A Se O��1# EQAM $�<Z��	� ��0�_� ���	I�� N4A ���	
 v�� ���	I�� (�I
 U* 
 �	!0I�M/N a7<G� P 	!? 5.B.  

3.6.3.6.B  @M�D �'� 7*2'  

 /�bf ′� a<�� (y�  /�7 ��0�_� ���	I�� N4A �4�I� ���	
 v�� ���	I�
m
f ′ v�� ���	I�� N4A �4�I� ��0�_� ���	I�� a<�� (y� 

���	
 . /�7fb /�7 �<� .°� ��	
 v�� a<�� (y� fm ��°� ��0�_� ���	I�� a<�� (y� )MHz 9,216 .( ���	I�� (�= >�7
O��0�_� ���	I�� N4A ���	
 v�����	��� ���	�W	� Ä	��rK� Se :  

bf ′  = fm*M/N 
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���	��� ���	�W	� Ä	��rK� Se O��0�_� ���	I�� N4A �4�I� ���	
 v�� ���	I�� >�7:  

m
f ′  = fb*N/M 

 U* ÅrKM7 N a7<G� P 5.Bk	!�= U	�<Z�0
  ;<r�7 (? (y© O�V�V� 16= ����7 ���  �!�bf ′  7*
m
f ′  +� �y?* H0��

ppm 1±;�<Q� ��°K� 	6�!�= +� U��4W� +� %�v)* .  
 v�� ���	I�W H�=���� d�B ��	��W� ���·K�7EQAM/ CMTS RF $7<B ��0�_� ���	I�� P ���' �	1W� ODTI OSe U* 

 +� (=* U�-
ns 1,5@A p	IW�  100 ��#	�.  
 a7<G� ���
5.B X�=7 O�,r	L�W� ��°K� 	­K<��7 O��4!�� ���	�� S��	��� fb � M7 N �h	��� ����v�W� ���	I�W� �K<��7 O

��°K� 	6!�= +� 	­	��	�7.  

 7�*[�5.B G@M�D �'� &�*2'   
��3�d� ��S�K�' +' �'���� &�1�2'�  

8&�09  
:��2 

��� ;���  
'�=  1<�fb+  

(MHz) 

M/N 
 �!���!� ;���

 �!>!?�
m
f ′+  
(MHz) 

��� ;���  
 :��2bf ′   

(MHz) 

/
�@  
1<� A� 

64QAM 

� 256QAM 

5,274 512/293 9,216 5,274 ppm 0 

7.3.6.B  ��'���' ���12� �#M�D �'� ��S�K�' j�2S��  

4��W� ���	
 v�� ���	I�� Ã4� U* Se�<� ���� ~<� @A ¥7�v� �	�# S#	) ��� %	g�w� ���	��� �	,:  
• < [–53 + 20*log (fDS/5.274)] dBc (i.e., < 0.07 ns RMS) 10 Hz to 100 Hz  

• < [–53 + 20*log (fDS/5.274)] dBc (i.e., < 0.07 ns RMS) 100 Hz to 1 kHz  

• < [–53 + 20*log (fDS/5.274)] dBc (i.e., < 0.07 ns RMS) 1 kHz to 10 kHz  

• < [–36 + 20*log (fDS/5.274)] dBc (i.e., < 0.5 ns RMS) 10 kHz to 100 kHz  

• < [–30 + 20*log (fDS/5.274)] dBc (i.e., < 1 ns RMS) 100 kHz to (fDS /2)   
 U'fDS ��	I� ���	I�W ������ �
 ��<r�� MHz . �!�= U�-� U* Se7fDSI� 7* D�V� �<��� ���	
 v�� ���	I�W X0 .

k[y!2���	I�� p	�= +-� O fDS MHz 21,096 = ���	I�� ª	�
 H#	? ��' MHz 5,274�r	�� �µ�� .  
 5	6) �2�
 U* SeDRFI	6�2 U�-
 ���	I�� �	,�mK �4��7 z�	��� :  

•  	�� v���� ���	I��7 ��0�_��� ���	I�W� �' ��	,W� �	��4� �	,�m� �	I# 5	6G� �2�
���.  
k[
<�7 z�	��W� 5	6G� �2�
 U* Se O��� +A DRFI��2 U�-
 �	,�m� ��4�* :  

•   v�� >�	��QAM �7	��� C���� >�	��� a<,�0� ��	�� (1, –1, 1, –1, 1, –1...) +� (? N4A O.°� /	0�� <�A I7 Q.  
•   ���)�� ���	I�� +� ���	
 v�� ���	I�� 5	6G� <��
MHz 9,216�4!A P 	!? �
�	A ����v�� �.  

 �r	�� O�[A* ����� %	g�g �	,4��� ��,4� N4A ;��	= O�Vg�7 ���	
 v�� ���	I�� H#	? ��') U7� M�4© ���	I�� O(y�
���	I�� U�<�� ¼	����(��
 �	,�mK� ��4�* S4�
 K O.  

8.3.6.B  ��'���' ���12� �#M�D �'� ��S�K�' _��3V� 

 X0I�� �"#�8.3.6.  
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7.B  ���� ���	��
��
 ����� ������ ���  

1.7.B  �'*K'  

 X0I�� �"#�1.7.  

2.7.B   �'�� U3VMPEG  

 X0I�� �"#�2.7. 

3.7.B   ��9
�MPEG E�R n5 &��#2. DOCSIS  

 X0I�� �"#�3.7.  

4.7.B   �2W���� ���1u�MPEG E�R n5 &��#2. DOCSIS  

 X0I�� �"#�4.7.  

5.7.B   ��5"
�� �K�#�� +' E5�
���� MAC 

X0I�� �"#� 5.7.  

6.7.B  ��!�.� �K�#�� +' E5�
��� 

 ��5� z2<� q�1� SeMPEG-2k	I,� �  [ITU-T J.83-C] (I# (���� ��� P 	T OMPEG-2 .I�=<� /�!n $�<Z��	� 
 P ��7 	!? \�	��[ITU-T J.83-C].  
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����
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 �4040��A  /	�= P (!��� X�"��I� �K	L�K� M��  
 �4040��B  q,���� (_	�7 :���L���7 5�����7 �
�	����  
 �4040��C  �K	L�[� ��	��� �	�_	LrR�  
 �4040��D  ��
���4� ��	��� É�	,W�  
 �4040��E  �
�1,�� (������7 �	�<B� (�`1�7 ����	�� ��<B�7 �-,14� $	��� (�`1���  
 �4040��F  ����	�� qx �K	L�K� �	�<m  
 �4040��G  ��!=��� �	-,1��7 �!"#��7 ��_	�77 a	��R� �!"#*  
 �4040��H  �� �!"#�� ���!0W�7 ��_��_	���� ;�<��� �!"#��  
 �4040��I  �	�<B� �4�	-�� ��!=��� �-,1��  
 ��3�3��J  � ������� &���F�� &���aI 7�9�I@d�9��� ?!*2�' %"$
 &���aI� ��S�� Y'�"M� ��V���
�S  

 �4040��K  �[m�<��� +� �
	!3�  
 �4040��L  	6�
	£7 	6,�?��7 ��)�	B� �§1�W� ��	�A +� 	
qx7 �[,-�� %	1#'  
 �4040��M  �K	L�K� ;���'�K	L�K� ;���' �-,� ��� P 	T  (TMN)�	-,1�� �#	��7   
 �4040��N  �#	�L�� :��#�
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