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1 Introduction
[11] illustrated the compression gains of using the compact CCCEx SDP parameters for capabilities exchange.  While this already provides substantial benefit to the SDP size, it was also discussed in the July 25th teleconference call whether it would be possible to extend the use of these parameters to also reduce the size of SDP during the MMCMH session establishment. This contribution discusses mechanisms for achieving this.

2 Compact SDP Format of CCC
Listed below is the ABNF definition for the compact CCC SDP in [11]
codec_list = "a" "=" "codec_list" ":" codeclist ":" "ENC:" num [*63(rule num)] ":" "DEC:" num [*63(rule num)]

codeclist = "{" codec SP [level] SP [profile] "};" *63(";{" codec SP [level] SP [profile] "}")

codec = byte-string



; byte-string defined in RFC 4566

level = 1*3DIGIT

profile = 1*3DIGIT

rule = ";" / ","
num = %d1-16
codec is the media type name of a codec as defined in the RTP payload format for that codec, e.g. "video/H264" for H.264 as defined in [8] and "video/H265" for H.265 as defined in [9], respectively.

level, which is optional, specifies the level of the codec, e.g. for H.264 and H.265 the value is equal to level_idc as defined in [3] and level-id as defined in [9], respectively, and when the codec is EVS, the value of this field could be defined as 1, 2, 3 and 4 specifying NB, WB, SWB and FB, respectively. 
profile, which is optional, specifies the profile of the codec, e.g. for H.264 and H.265 the value is equal to profile_idc as defined in [10] and profile-id as defined in [9], respectively. If the profile is included then the level must also be included. However, it is allowed to have the level to be present without the profile being present.
rule specifies whether the resources used for a concurrent instance of the codec may be used instead by a concurrent instance of the codec listed afterwards, e.g., the next listed codec is less computationally complex and runs on the same processor as the previously listed codec.  When the value is "," then an instance of the subsequent codec can used in place of an instance of the previously listed codec.  When the value is ";"' an instance of the subsequent codec cannot be used instead.
num specifies the maximum number of supported concurrent encoders (when the combination follows "ENC") or decoders (when the combination follows "DEC") of the specified codec at the specified level and profile (when present). The number of instances of num that immediately follows "ENC" and the number of instances of num that immediately follows "DEC" shall both be the same as the number of instances of codec, and an instance of num is mapped to an instance of codec with the same order.
If the terminal has the ability to trim the number of received media streams it actually decodes, it can advertise a num value that is larger than it actually has the concurrent decoding capabilities for.

2.1 Using Compact CCC for MMCMH Session Initiation
Compared to using Compact CCC for CCCEX, the gains of using Compact CCC for MMCMH session initiation is limited by the need for the SDP Offer to be compliant with the SDP Offer/Answer model specified in RFC 3264.  For CCCEx, all the CCC can be compressed down to one SDP line.  For session initiation, the SDP offer must contain enough media lines to allow the SDP answer to select any combination of codec configurations that are supported by the terminals.  For example, there must be at least R media lines in the offer, where R is the maximum number streams that the offerer can concurrently receive and decode.
The construction of the SDP offer can be performed as demonstrated in the following example.  Consider audio codecs AMR-NB, AMR-WB, and EVS.

· Let A = max number of concurrent AMR-NB codecs

· Let B = max number of concurrent AMR-WB codecs

· Let C = max number of concurrent EVS codecs

Assume A >= B >= C due to their relative complexity.

Then the Offer can list a total of A media lines where:
· Each of the A media lines will include AMR-NB as a codec
· B of the media lines will include AMR-WB as a codec, received simulcast with AMR-NB

· C of the media lines will include AMR-WB as a codec, received simulcast with both AMR-WB and AMR-NB

For indicating the terminal’s sending/encoding capabilities one of the above media lines would also include all of the codecs in a simulcast sending configuration.
The above A media lines will cover all possible media configurations that could be selected in the SDP answer.  To communicate limitations in acceptable configurations the answer has to rely on the compact CCC SDP line which is also included in the offer.
2.2 Compression Gains

Without using the Compact CCC SDP line, the SDP offer for the above example would have to include the following sets of media lines:

1. A media lines indicating the configuration when the maximum number of decodable streams is supported.  This is the same as the above case when the Compact CCC is used except that there will be at least B media lines with two codecs and C media lines with three codecs in simulcast receiving configurations.  Each of these additional codecs will add two more SDP lines in the media line.
2. A set of media lines for each configuration that can support a different number and set of concurrently decoded streams. 
· For example, if supporting a single EVS decoder reduces the maximum number of AMR-NB streams from A to A1EVS then there needs to be a separate set of A1EVS +1 receiving media lines listing these many AMR-NB codecs and one line that contains EVS.
· Each of the sets of media lines would require a different media configuration as specified in the MediaCapNeg framework.

· An example of the different sets of configurations that could be required is illustrated in the following table taken from Table 10 of [4].  This lists two different configurations (A and B) for N=6. Configuration C is incorrectly listed for N=6.  There will be more sets of configurations for different values of N.

Table 10: CCCEx using SDP through simulcast and multiple m-audio lines

	Number of participants
	Concurrent Codec Combinations supported at the terminal 
	SDP offer examples from the terminal to the MRF for profiles A, B, and C (for illustration purposes, only audio is shown below); 

The terminal would send one of the SDP offers associated with the CCCEx of profile A or B or C in the examples shown below.
	SDP Answer from the MRF to the terminal up on receiving, 

e.g. SDP offer A (N=6)

	N <= 6
	[Enc/send: AMR, AMR-WB, EVS] 

[Dec/recv: 1 AMR, 1 AMR-WB, 3 EVS]

[Enc/send: AMR-WB, EVS] 

[Dec/recv: 1 AMR-WB, 4 EVS]

[Enc/send: AMR, EVS] 

[Dec/recv: 1 AMR, 5 EVS]
	A
	m=audio 49200 RTP/AVP 99 100 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: send 99;100;101 recv 99,100,101

...

m=audio 49300 RTP/AVP 99 100 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 99,100,101

...

m=audio 49400 RTP/AVP 99 100 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 99,100,101

...

m=audio 49500 RTP/AVP 99 100

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=simulcast: recv 99,100

...

m=audio 49600 RTP/AVP 99

a=rtpmap:99 AMR/8000/1

a=recv 99

...


	m=audio 49200 RTP/AVP 99 100 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 99;100;101 send 99,100,101

...

m=audio 49300 RTP/AVP 99 100 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: send 99,100,101

...

m=audio 49400 RTP/AVP 99 100

a=rtpmap:99 AMR/8000/1

a=rtpmap:100 AMR-WB/16000/1

a=simulcast: send 99,100

...

m=audio 49500 RTP/AVP 99 

a=rtpmap:99 AMR/8000/1

a=send 99

...

m=audio 49600 RTP/AVP 99

a=rtpmap:99 AMR/8000/1

a=send 99

...



	
	
	B
	m=audio 49200 RTP/AVP 100 101

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: send 100;101 recv 100,101

...

m=audio 49300 RTP/AVP 100 101

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 100,101

...

m=audio 49400 RTP/AVP 100 101

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 100,101

...

m=audio 49500 RTP/AVP 100 101

a=rtpmap:100 AMR-WB/16000/1

a=rtpmap:101 EVS/16000/1

a=simulcast: recv 100,101

...

m=audio 49600 RTP/AVP 100

a=rtpmap:100 AMR-WB/16000/1

a=recv 100

...


	

	
	
	C
	m=audio 49200 RTP/AVP 99 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:101 EVS/16000/1

a=simulcast send 99;101 recv 99,101

...

m=audio 49300 RTP/AVP 99 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:101 EVS/16000/1

a=simulcast recv 99,101

...

m=audio 49400 RTP/AVP 99 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:101 EVS/16000/1

a=simulcast recv 99,101

...

m=audio 49500 RTP/AVP 99 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:101 EVS/16000/1

a=simulcast recv 99,101

...

m=audio 49600 RTP/AVP 99 101

a=rtpmap:99 AMR/8000/1

a=rtpmap:101 EVS/16000/1

a=simulcast recv 99,101

...

m=audio 49700 RTP/AVP 99

a=rtpmap:99 AMR/8000/1

a=recv 99

...


	


Using the compact CCC SDP parameters would avoid needing to list any of the other configuration aside from the A media lines and avoid the need to use the MediaCapNeg framework.
The amount of SDP lines saved will depend on the relative complexity of each of the codecs, i.e., the more variation in their relative complexity the more sets of media lines will be needed as substituting one codec instance for another will have a greater effect on the number of concurrent decoders.

To give an example, assume that codec C is 2x as complex as codec B which is 2x as complex as codec A.  

When using the Compact CCC SDP format, there would only be on set of A media lines in the SDP offer that would contain the following number of SDP lines:
· 7 lines for common SDP aspects

· 2 lines for each of the A media lines including codec A

· 2 lines for each of the B media lines including codec B

· 2 lines for each of the C media lines including codec C
· 1 line for the Compact CCC SDP parameters

This gives a total of 8+2A+2B+2C = 8+2A+A+0.5A = 8+3.5A SDP lines
When not using the Compact CCC SDP format, there would be the following sets of media lines:

	Set of Media Lines
	# of Codecs
	# of SDP lines
	Total # of SDP lines


	1
	Codec A: A

Codec B: 0

Codec C: 0
	· 7 lines for common SDP aspects

· 2 lines for each of the A media lines with codec A


	2A + 7

	2
	Codec A: A-2

Codec B: 1

Codec C: 0
	· 7 lines for common SDP aspects

· 2 lines for each of the (A-4) media lines including codec A

· 2 lines for two media lines including codec B
	2A + 5

	3A
	Codec A: A-4

Codec B: 2

Codec C: 0
	· 7 lines for common SDP aspects

· 2 lines for each of the (A-4) media lines including codec A

· 2 lines for two media lines including codec B
	2A + 3

	3B
	Codec A: A-4

Codec B: 0

Codec C: 1
	· 7 lines for common SDP aspects

· 2 lines for each of the (A-4) media lines including codec A

· 2 lines for two media lines including codec B
	2A + 1

	4A
	Codec A: A-6

Codec B: 3

Codec C: 0
	· 7 lines for common SDP aspects

· 2 lines for each of the (A-6) media lines including codec A

· 2 lines for three media lines including codec B

	2A + 1

	4B
	Codec A: A-6

Codec B: 1

Codec C: 1
	· 7 lines for common SDP aspects

· 2 lines for each of the (A-6) media lines including codec A

· 2 lines for one media line including codec B

· 2 lines for one media line including codec C


	2A - 1

	Etc…
	
	
	


Extending the above pattern it can be seen that the total number of SDP lines needed to indicate all the possible configurations is
A (1 + 2 + 3 + … A/4) x (2A + mi)
Where mi is a constant for a particular set of media lines that is independent of A. At a minimum a lower bound on the above is that the number of media lines at least
0.25 A4 + A3

Therefore the gains of using the compact CCC SDP in the SDP offer is to reduce the number of SDP lines by about a factor of (0.25 A4 + A3)/(3.5A+8) ~= 0.0714A3 + 0.286A2
· For A = 4 there is a compression gain factor of 5.81

· For A = 8 there is a compression gain factor of 42.67
· For A = 16 there is a compression gain factor of 320

This demonstrates that the compression gains in reducing the size of the SDP can be substantial, especially for terminals that have the capability to support a large number of concurrent codecs of different computational complexities.
2.3 Other Considerations
One limitation of the use of the compact CCC SDP attribute to compress the number of media lines in the offer as described above in clause 2.2 is that the answerer must understand the compact CCC SDP attribute so that it knows that not all of the media configurations described in the SDP offer are actually supported.  If an answerer does not understand the compact CCC SDP attribute it may select a set of concurrent codecs that are not properly supported by the offerer.  
Therefore, whenever an offerer uses the compact CCC SDP attribute along with the single media configuration of A media lines, it must either:

1. Know that the answerer can properly understand the compact parameter.  

For example, the offerer has previously queried the answerer’s CCC using the OPTIONs method and received a response including the compact CCC SDP.  The offerer records that this answerer understands the compact CCC attribute and can use this parameter when initiating a session with this terminal.
2. Prevent an answerer that does not understand the compact CCC attribute from selecting an unsupported configuration.  

This can be done by defining a new tag for CCC which is populated in the Require header of the SIP INVITE along with the compact CCC SDP attribute in the body.  If the answerer understands the CCC tag then it will respond to the INVITE accordingly.  If the answerer does not understand the CCC tag it will reject the INVITE and the offerer will have to send a re-INVITE without the CCC and a more verbose offer with all the media line configurations.
3 Conclusions

Using current SDP parameters to support CCCEx can become quite cumbersome and substantially increase the size of SDP during MMCMH session initiation.  The compact CCC SDP attribute provides a significant savings in SDP lines in the offer used to initiate the MMCHM session. It also avoids the need to use MediaCapNeg to communicate various configurations of concurrent codec operation.
4 Proposal

1. Document the use and gains of the Compact CCC SDP attribute for MMCMH session initiation
2. Adopt use of the compact CCC SDP attribute to enable more compact SDP offers to initiate MMCMH sessions
3. Develop a CR to TS 26.114 to specify the usage of the compact CCC SDP attribute for MMCMH session initiation
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