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7
Signalling Extensions

7.1
Multiplex negotiation via IuFP User Plane Protocol

The bearer initialization phase in both Nb- and Iu-interfaces include mandatory messages for the support mode that is used e.g. for speech traffic. Nb/Iu UP PDU Type 14 is used at initialization and the messages include spare extension fields (both initialization and acknowledgement frames) that can be used for any additional function and this field is proposed to be used for multiplexing applicability detection. The field is proposed to be one byte long from which two first bits are used for multiplexing detection and the rest six are spared for future use (figure 4). The transparent mode in the Iu-interface would not support multiplexing since it has no initialization phase but it is not used for speech applications and these are the most common traffic type in CS domain.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=14)
	Ack/Nack (=0. I.e. Procedure)
	PDU Type 14 Frame Number
	1
	Frame Control Part

	Iu UP Mode version
	Procedure Indicator (=0)
	1
	

	Header CRC
	Payload CRC
	2
	Frame Checksum part

	Payload CRC
	
	

	Spare
	TI
	Number of subflows per RFCI (N)
	Chain Ind
	1
	Frame payload part

	LRI
	LI
	1st RFCI
	1
	

	Length of subflow 1
	1 or 2 (dep. LI)
	

	Length of subflow 2 to N
	(N-1)x(1 or 2)
	

	LRI
	LI
	2nd RFCI
	1
	

	Length of subflow 1
	1 or 2 (dep. LI)
	

	Length of subflow 2 to N
	(N-1)x(1 or 2)
	

	…
	
	

	IPTI of 1st RFCI
	…
	0 or M/2 (M: Number of RFCIs in frame). Ended by 4 padding bits if M is odd.
	

	…
	IPTI of Mth RFCI or Padding
	
	

	Iu UP Mode Versions supported  (bitmap)
	2
	

	Data PDU type
	Spare
	1
	

	Spare
	MUX & RTP c
	MUX
	1
	


Figure 4: UP PDU Type 14 used for initialization with one byte spare extension field
for multiplexing detection (last octet)
When an MGW or RNC supports multiplexing it sets the first bit (MUX in figure 4) to 1 in the spare extension field of the initialization frame and from that bit the receiving node knows that multiplexing can be used. If the receiving node supports multiplexing it replies in the same way with the first bit set to 1 in the spare extension field of the positive acknowledgement message and again the other end knows that multiplexing can be used. If the receiving node does not support it just ignores the spare extension in the initialization and sends a regular acknowledgement. The MGW or RNC that started the initialization knows then not to use multiplexing.

Since a node may support multiplexing but not RTP header compression there must be separate initializations. While the first bit stands for normal multiplexing, the RTP header compression possibility is indicated with the second bit (MUX & RTP c in figure 4). The destination node can now reply in three ways. Responding with the second bit it indicates that the RTP header compression may be used. It may however reply also with the first bit meant for normal multiplexing or reply without any multiplexing indications.

For Nb interface there already is a standardized protocol for bearer control, IP Bearer Control Protocol (IPBCP), and it could be used also for detecting multiplexing applicability. IPBCP however cannot be used for Iu-interface and therefore UP initialization as a more common solution is better for initializing multiplexing. In general the applicability detection can be seen as a migration phase function, which could be left out when all nodes support multiplexing. After that multiplexed packets could be always detected based on the UDP port (2002 for normal multiplexed packets and 2004 for multiplexed packets with RTP header compression).

7.2
Multiplex negotiation using IPBCP 

If bandwidth saving solution is used in other network which doesn't have user plane but it uses IPBCP to bear control, it is proposed to use IPBCP to multiplexing detection.

An MGW wishing to apply multiplexing shall add the parameter in the SDP offer / IPBCP Request. The initial MGW indicates its supporting format list. If the receiving MGW supports at least one of the formats and is willing to use multiplexing it shall return its selected format.
When IPBCP is used for multiplexing detection it is proposed to use "fmtp" and two new parameters should be defined:

"IPFmts": define list of formats proposed to be used in the call; 0: format 0; 1: format 1.
EXAMPLE:
MGW A and MGW B support the new transport option.

    IPBCP Request: (MGW A -> MGW B)

          m=audio 49160 RTP/AVP 97

          a=rtpmap:97 VND.3GPP.IUFP/16000

          a=fmtp:97 IPFmts={0,1}; UPC=T

    IPBCP Response: (MGW B -> MGW A)

          m=audio 49300 RTP/AVP 97

          a=rtpmap:97 VND.3GPP.IUFP/16000

          a=fmtp:97 IPFmts={1} ; UPC=T
7.3
Multiplex negotiation using RTCP 

According to 3GPP TS 29.414 [1] and 3GPP TS 25.414 [3], RTCP (RFC 3550 [4]) may be used at the Nb interface with BICC signalling and the Iu interface. The usage of RTCP is optional on the NB interface and otherwise recommended according to RFC 3550 [4]. Thus, RTCP is the only bearer signalling protocol applicable in all scenarios of interest, including a SIP-I based 3GPP Cs domain, and the Iu interface. For host supporting multiplexing, the usage of RTCP would need to be mandated.

RTCP allows for the addition of application specific new packet types, which might be defined by 3GPP and need IANA registration.

The application specific RTCP packets may be added to compound RTCP packets transferred within RTCP messages.
The following contents of a new "Multiplexing" RTCP packet are proposed:

-
Indication if multiplexing is supported.
-
Indication if multiplexing is selected.
-
Local Port number where to receive multiplexed data streams.
Editor's note:
Whether the local port number is used is FFS

The details of the encoding are ffs
The following procedure is proposed:

When setting up a new user plane connection, both MGWs start to send data without applying multiplexing and indicate their readiness to send and receive multiplexed data streams by including the new "Multiplexing" RTCP package in the initial and all subsequent RTCP packets they send. MGWs should preferably send their initial RTCP packet at the very beginning of the RTP session to be able to apply multiplexing as soon as possible. 
A MGW receiving an RTCP packet, where the peer indicated the readiness to send and receive multiplexed data streams, may decide to apply multiplexing to send the corresponding RTP data streams towards the sender of the RTCP packet. If the MGW decides to apply multiplexing, it indicates this in subsequent RTCP multiplexing packets it sends.

A MGW that does not receive RTCP or receives RTCP without the "Multiplexing" package shall continue to send data for the user connection without applying multiplexing.

A MGW that does not support multiplexing will ignore the unknown received RTCP "Multiplexing" package according to RTCP procedures and continue to send data for the user connection without applying multiplexing.
The proposed procedures therefore enable smooth interoperations with hosts that do not sent RTCP or do no support multiplexing.

Some negative aspects of this proposal are that user connections are transported without multiplexing until the first RTCP package are received, the total multiplexing gain will be reduced by the time the user connection is applied without multiplexing. A two percent reduction of the multiplexing gain is expected.

NOTE:
According to RFC 3550 [4], it is recommended to delay sending the first RTCP package by 2.5 seconds. Assuming a mean call duration of  2 minutes (120 seconds), the multiplexing gain will be reduced by 2 percent.

Also the proposal requires conditional support of RTCP in addition to the MUX feature for nodes that did not previously support RTCP; however RTCP is a protocol commonly and widely used together with RTP transport, recommended as per IETF RFC 3550, and that may also be used to compute quality statistics of the IP network.

7.4
Comparison of Advantages of Different Proposals for Multiplexing Negotiation.

Table 3 compares the applicability of the multiplexing negotiation proposal for use cases of interest. Only the proposal to use Multiplexing Negotiation using RTCP is applicable for all these use cases.

Table 3: Applicability of the multiplexing negotiation proposal for use cases of interest

	
	Nb Infercas with BICC signalling at Nc interface
	Nb Infercas with SIP-I signalling at Nc interface
	Iu Interface
	Other VoIP network

	Multiplex negotiation via IuFP
	yes
	no
	yes
	no

	Multiplex negotiation using IPBCP
	yes
	no

(see note)
	no


	no

(see note)

	Multiplex negotiation using RTCP
	yes
	yes
	yes
	yes

	NOTE:
Similar principles could be used to extend SDP, possibly making the proposal applicable also to this scenario.


The Proposal to use Multiplexing Negotiation via IuFP User Plane Protocol has minimal protocol impacts only. The other proposals require moderate protocol extension to SDP or RTCP, respectively.

The standardisation of all three proposals could be performed by 3GPP (with IANA registration of SDP or RTCP extensions). For the proposal "Multiplex negotiation using RTCP", a standardisation within IETF could be an alternative to achieve a more widespread support.
The Proposal to use Multiplex negotiation using IPBCP has the advantage that it performed before the user plane connection is established, thus avoiding the need of a reconfiguration during the ongoing call and also enabling an improved resource management.

The Proposal "Multiplexing  Negotiation using RTCP" reduces the multiplexing gain around 2 percent and requires a support of RTCP.
NOTE: To allow early roll-out of RTP multiplexing in IP-based CSCNs, the new transport formats could be used without RTCP negotiation.The early rollout in a network is based on static configuration of the MGWs.. It is however not recommended to bypass the use of  RTCP multiplexing negotiation.
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