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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope
The present document investigates solutions for a simple, optional transport format for the Nb interface and IP transport that allows transporting several NbFP/codec payload PDUs of different bearers within one packet. The solution shall minimise impacts to existing network characteristics, in particular jitter and packet delay.  The transport format shall be suitable for any type of payload transported within NbFP. Though primarily intended and possibly optimised for NbFP transport within 3GPP circuit-switched core networks, the multiplexing design shall be generic and future proof by not precluding support of non-NbFP payload types, e.g. standard VoIP bearers or other interfaces such as Iu. 

Furthermore, backward compatible signalling extensions required to negotiate the use of this transport option, to set up multiplexing connections, and to assign bearers to these connections are investigated.
The benefits and drawbacks of multiplexing at the Nb interface are investigated.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

 [1]
3GPP TS 29.414: "Core network Nb data transport and transport signalling".

[2]
3GPP TS 29.415 "Core Network Nb Interface User Plane Protocols".

3
Definitions, symbols and abbreviations

Delete from the above heading those words which are not applicable.

Subclause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the [following] terms and definitions [given in ... and the following] apply.

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

Abbreviation format

<ACRONYM>
<Explanation>

4
Requirements 

Bandwidth saving solution should be simple. It should consider the standard VoIP using. Also it should balance the simpleness of multiplexing format and complexity of operation. 
5
Transport Format

5.1
Proposed Format(s)
5.1.1 multiplexing frame
Figure 3 show the frame of multiplexing packet. Entire RTP frames are multiplexed and they together share a common IP/UDP header. There is no limitation to the number of packets being multiplexed. 
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                                                                    Figure 3 multiplexing frame 

One UDP port is assigned as the multiplexing port into which all multiplexed packets are sent. This UDP port is proposed to be 1024. This port will be reserved for multiplexing which is not allowed to be assigned to any individual connections.

In one multiplexed packet, a multiplexing header is needed to identify different streams.  

There are two formats of multiplexing packet in this paper for multiplexing and RTP header compression. Format 0 is only for multiplexing packet and format 1 is for multiplexing packet and RTP header compression. 
5.1.2  multiplexing frame format 0

Format 0 is used only for multiplexed IP packet. 

	Bits


	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	Source IP, Dest IP, …
	20/40
	IP

	Source Port, Dest Port=1024, Length, …
	8
	UDP

	L
	MUX ID= Dest port/2
	2
	Multiplex

Header 

	Length
	1/2
	

	SourceID
	2
	

	Version, P, M, X, …
	12
	RTP

	Payload 
	n
	Payload

	Multiplex Header
	4/5
	MP

	Version, P, M, X, …
	12
	RTP

	Payload
	n
	Payload


                      Figure 4 format 0

The multiplexing header includes

- L, 1 bit. To indicate whether the Length is 8 bits or 16 bits. L=0 means the Length is 8 bits, and L=1 means the Length is 16 bits.

- MUX ID, 15 bits. For identification of different connections. Value is the same as the UDP destination port of a non-multiplexed packet divided by two (only even numbered ports are used for RTP sessions).

- Length, 8 bits or 16 bits. Gives the length of the multiplexed RTP packet in bytes (header+payload). If the length is more than 256 bytes, it will use 16 bits to indicate. 

- SourceID, 16 bits.  For identification of source UDP port. Value is the same as the UDP source port of a non-multiplexed packet.

5.1.3  multiplexing frame format 1

Format 1 is for multiplexed IP packet and RTP header compression.

	Bits


	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	Source IP, Dest IP, …
	20/40
	IP

	Source Port, Dest Port=1024, Length, …
	8
	UDP

	L
	Mux ID= Dest Port/2
	2
	Multiplex

Header

	Length
	1/2
	

	SourceID
	2
	

	R
	Payload Type
	1
	compressedRTP header

	Sequence Number
	1
	

	Time Stamp
	2
	

	Payload
	n
	Payload

	Multiplex Header
	9/10
	Multiplex

Header

	Payload
	n
	Payload


Figure 5 format 1

The multiplexing header includes

-   L, 1 bit. To indicate whether the Length is 8 bits or 16 bits. L=0 means the Length is 8 bits, and L=1 means the Length is 16 bits.

-  MUX ID, 15 bits. For identification of different connections. Value is the same as the UDP destination port of a non-multiplexed packet divided by two (only even numbered ports are used for RTP sessions).

- Length, 8 bits or 16 bits. Gives the length of the multiplexed RTP packet in bytes (header+payload). If the length is more than 256 bytes, it will use 16 bits to indicate.
- SourceID, 16 bits.  For identification of source UDP port. Value is the same as the UDP source port of a non-multiplexed packet.
- R, 1 bit, reserved for future use.
- Payload type, 7bits, Definition is same as rfc3550.

- Time Stamp, 16 bits. Definition is same as rfc3550 but the length is reduced from 32 bits to 16 bits.

- Sequence Number, 16 bits. Definition is same as rfc3550 but the length is reduced from 32 bits to 16 bits.
5.2
Evaluation of Multiplexing Efficiency

table 1 bandwidths with AMR12.2   SID: 35%  

	
	Format 0
	Format 1

	BW ref
	31.16
	31.16

	BW, 5pkts
	17,64
	15,42

	Decrease
	43%
	50%

	BW, 10pkts
	15.81
	13.59

	Decrease
	49%
	56%
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Multiplexing Procedures
7         Signalling Extensions
7.1 Signalling Extensions for 3GPP CS
The spare extension field which used to multiplexing applicability detection is proposed to be one byte long from which two first bits are used for multiplexing detection.
	Name 
	IPFmts (bitmap)
	BWS supported
	IPFMT

	Length
	2 bits
	1bit
	1bit

	Meaning 
	Format list
	To indicate if or not support bandwidth saving
	Selected format. 

Valid when BWS supported=1



	Value
	00: not support bandwidth saving

01: support format 0

10: support format 1

11: support format 0 and 1
	0: not support bandwidth saving

1: support bandwidth saving
	0: format 0

1: format 1

	position
	Initialisation message
	Initialisation acknowledgement
	Initialisation acknowledgement


Figure 7 parameter defined in PDU Type 14

	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 extension
	IPFmts  (bitmap)
	1
	

	Spare extension
	0～31
	


Figure 8 PDU Type 14 used for initialization with one byte spare extension field for multiplexing detection 

	Bits


	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=14)
	Ack/Nack (=1, i.e. Ack)
	PDU Type 14 Frame Number
	1
	Frame Control Part

	Iu UP Mode version
	Procedure Indicator

(indicating the procedure being positively acknowledged)
	1
	

	Header CRC


	Spare
	1
	Frame Checksum Part

	Spare
	1
	

	Spare extension
	IP FMT
	BWS supported
	1
	Frame Payload part

	Spare extension
	0-31
	


Figure 9 UDP Type 14 used for initialization acknowledgement  with one byte spare extension field for multiplexing detection

7.2 Signalling Extensions for IPBCP 
If bandwidth saving solution is used in other network(such as standard VoIP) 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 one 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}
    IPBCP Response: (MGW B -> MGW A)

          m=audio 49300 RTP/AVP 97

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

          a=fmtp:97 IPFmts={1}
8
Summary of Conclusions
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