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1 Introduction
This contribution describes how multiple mono channels can be supported in the EVS payload format. The proposal is to re-use the solution defined in the AMR/AMR-WB payload format in RFC4867, [1].
Text proposal for the RTP payload format description is also included.
2 Solution

2.1 Multiple mono channels in RTP/AVP and AMR/AMR-WB payload format
RFC3551, clause 4.1 [2] gives the general description of how multiple mono channels are transported in RTP. RFC3551 defines that the channels are numbered as follows:
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The channel number controls the order in which the channels are included in the payload. For dual-mono, this means that the RTP packet contains:

1. First the first frame for channel number 1 (left)
· This frame defines the RTP time stamp in the RTP header
· If this frame is an onset frame then this also set the Marker bit in the RTP header

2. Then the first frame for channel number 2 (right)
3. Then the second frame for channel number 1 (left)
4. Then the second frame for channel number 2 (right)
5. Then the third frame for channel number 1 (left)
6. Then the third frame for channel number 2 (right)
7. Etc…

This method is easily expanded up to 6 mono channels. RFC3551 does not define how to handle cases with more than 6 mono channels.

An example of how the frames are packed into the AMR payload is shown below (2 channels, AMR7.4, 60 ms packetization, bandwidth-efficient).
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It should be noted that the structure for a packet containing 3 frames for 2 channels is identical to the structure of a packet containing 6 frames for 1 channel. It is also identical to the structure for a packet containing 1 frame for 6 channels. The receiver therefore has to rely on the SDP negotiation to know which variant that is used.
RFC4867 does not specify what to do in case a frame is not available for one or several of the channels. This can, for example, happen if each encoder instance uses its own VAD (un-synchronized encoders), which means that different encoders can switch between active speech and DTX independently of each other.

In principle, it is possible to include only the first channel in the packet, if only one frame is included in the packet. However, this would result in switching between a single channel and multiple mono channels on a packet-by-packet basis, which can be confusing and should therefore be avoided. To avoid confusion, it is better to include a NO_DATA frame if a frame for a channel is not available. This is however not described in RFC4867.
RFC4867 also does not define any particular rules for setting the Marker bit when different channels switch from DTX to active speech. There is only the general rule that the Marker bit is set when the first frame in the payload is an onset frame. Using this would mean that the Marker bit is set when the first frame of the first channel is an onset frame. The Marker bit is not set when onsets occur for the other channels.

It is FFS to define how to handle this in a more accurate way. One possibility might be to not set the Marker bit and/or to instead monitor the frame type to find the onset individually for different channels.
2.2 SDP negotiation
The use of multiple mono channels is negotiated on the ‘a=rtpmap’ line. It is possible to include both RTP payload types for single channel and multiple mono channels in the same SDP offer. The following SDP example includes (in preference order):

· EVS dual-mono

· EVS mono

· AMR-WB dual-mono, bandwidth-efficient

· AMR-WB dual-mono, octet-aligned

· AMR-WB mono, bandwidth-efficient

· AMR-WB, mono, octet-aligned

· AMR, mono, bandwidth-efficient

· AMR, mono, octet-aligned

	Example SDP offer

	m=audio 49152 RTP/AVP 96 97 98 99 100 101 102 103

a=rtpmap:96 EVS/16000/2
a=fmtp:96 <parameters>; max-red=220

a=rtpmap:97 EVS/16000/1
a=fmtp:97 <parameters>; max-red=220

a=rtpmap:98 AMR-WB/16000/2
a=fmtp:98 mode-change-capability=2; max-red=220

a=rtpmap:99 AMR-WB/16000/2
a=fmtp:99 mode-change-capability=2; max-red=220; octet-align=1

a=rtpmap:100 AMR-WB/16000/1
a=fmtp:100 mode-change-capability=2; max-red=220

a=rtpmap:101 AMR-WB/16000/1
a=fmtp:101 mode-change-capability=2; max-red=220; octet-align=1

a=rtpmap:102 AMR/8000/1
a=fmtp:102 mode-change-capability=2; max-red=220

a=rtpmap:103 AMR/8000/1
a=fmtp:103 mode-change-capability=2; max-red=220; octet-align=1

a=ptime:20

a=maxptime:240


The construction of the SDP answer is however more complicated. In SDP [3] and in SDP offer/answer [4], each client indicates the codecs that it is capable of receiving. This means that a session can (at least in principle) use mono in one direction and dual-mono in the other direction.
In IMS, TS 24.229 [5] defines in clause 6.1.3:
“Upon sending a SDP answer to an SDP offer (which included one or more media lines which was offered with several codecs) the terminating UE shall select exactly one codec per media line and indicate only the selected codec for the related media stream. In addition, the UE may indicate support of the in-band DTMF codec, as described in subclause 6.1.1.”
And in clause 6.1.3:

“Upon receiving an SDP answer, which includes more than one codec per media stream, excluding the in-band DTMF codec, as described in subclause 6.1.1, the UE shall send an SDP offer at the first possible time, selecting only one codec per media stream.”
It is not completely clear if the terminating UE can only select a codec from the list of codecs included in the SDP offer or if it can indicate some other codec. Correspondingly, it is not clear if the originating UE, when receiving an SDP answer including more than one codec, can only select a codec from the list of codecs included in the SDP answer, or if it can select a different codec.
However, to be realistic, there is seems to be no meaning in offering to receive a codec that is not included in the received SDP.

Another consideration is if the rules in TS 24.229 are applicable also to the number of channels or not. For example: If the SDP offer includes mono EVS, is it then allowed to send an SDP offer for dual-mono EVS? The codec is then the same in the SDP answer as in the SDP offer, but since the SDP indicates that N channels need to be included in the RTP packets then one would need to: either have N instances of the EVS codec running in parallel; or have to fill up with NO_DATA frames for the frames that are not available.
Again, to be realistic, it seems that such a solution should be avoided. If one would like to have different number of channels in different directions then it seems more realistic to do this with multiple m= lines, for example:
· One m= line for mono EVS with a=sendonly.

· Another m= line for dual-mono EVS with a= recvonly.

2.3 RTP transport for multiple mono channels encoded with EVS
The method for how to transport multiple mono channels for the AMR-WB IO mode should be the same as for AMR-WB to be consistent with RFC4867. This also means that the same method should also be used for EVS Primary mode to keep the consistency between Primary mode and AMR-WB IO mode.
Since all RTP packets will contain several frames, the header-full EVS payload format must be used.
The CMR can follow the same rules as for the single channel case. Since it is not possible to request different codec modes for different channels, it is reasonable to define that the CMR applies to all channels. However, as the different encoders can operate independently of each other, i.e. the encoders are not synchronized, there is no guarantee that all encoders will use the same codec mode. Since CMR indicates the maximum codec mode, it is possible that different encoders, for various reasons, choose to use a lower codec mode. Hence, the RTP packet may include frames for different channels that are encoded using different codec modes.
3 Proposal

The source proposes that:
· The EVS payload format should support transmission of multiple mono channels in the same way as done for AMR and AMR-WB. This does not mean that MTSI clients are required to support multiple mono channels, only that the payload format description defines how this is done.

· The EVS payload format should provide clarifications where RFC4867 is ambiguous or where it has left things unspecified. This includes (but is not limited to):
· Describe that frames may not be available for all channels, and that NO_DATA frames then shall be inserted.
· Improve the description of the handling of the Marker bit and how this is used by the different (possibly un-synchronized) decoders.
· Session setup for asymmetric sessions, e.g. where one mono channel is used in one direction and multiple mono channels are used in the other direction.
A draft text proposal for the EVS payload format is attached in Annex A.
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Annex A: Draft text proposed to be included in the EVS payload format
Editor’s note: The intention with this text is to refer to RFC4867 for the general solution and to only describe a few clarifications. This should be sufficient for 3GPP Rel-12. A more complete description can then be included when bringing the payload format to IETF.
A.2.4a
Sessions with multiple mono channels

The Header-Full EVS payload format supports transmission of multiple mono channels in the same way as described in the AMR/AMR-WB payload format [RFC4867].
A.2.4a.1
Encoding of multiple mono channels

The encoders for different channels are typically not synchronized, which means that they may use different codec modes and different encoders may result in different VAD decisions depending on the content in each channel.
NOTE: Using synchronized encoders for different channels coded separately (i.e. all encoders use the same VAD decision and codec mode) is not supported in the EVS codec. However, the EVS payload format supports both synchronized and un-synchronized encoders.

A.2.4a.2
RTP header usage

The RTP time stamp is derived from the media time of the first frame of the first channel in the packet, even if that frame is a NO_DATA frame.

[If the first frame in the payload is an onset frame then the Marker bit in the RTP header is set to ‘1’.] However, since the encoders are typically un-synchronized and may use different VAD decisions for different channels this means that it is not sufficient to only use the Marker bit to detect onset frames, and to for example reset the jitter buffers in the receivers. The receiver needs to monitor the content of the channels, e.g. the Frame Type identifier, to find the transition from DTX to active speech for each individual channel.
A.2.4a.3
Construction of the RTP payload

The payload shall include frames from all channels for each media time that is included. If a frame is not available for a channel is not available, e.g. if the encoder for that channel is currently in DTX mode, then a NO_DATA frame shall be included instead. Since the payload always contains two frames or more this means that the header-full payload format shall be used.
The payload may contain a CMR byte according to the same rules as defined for single channel usage. When a CMR is sent it applies equally to all channels. It may still happen that different channels are encoded with different codec modes, especially if independent encoders are used.
[A.3.2.3
SDP offer/answer
Setting up a symmetric multi-channel session, e.g. with 2-channel stereo in both sending and receiving direction, can be done with SDP offer and SPD answer negotiating the same number of channels on the ‘a=rtpmap’ line in the SDP offer and SPD answer. An example SDP offer/answer negotiation for using the same number of channels for sending and receiving directions is included below:
	Example SDP offer

	m=audio 49152 RTP/AVP 96 97 98 99 100 101 102 103

a=rtpmap:96 EVS/16000/2
a=fmtp:96 <parameters>; max-red=220

a=rtpmap:97 EVS/16000/1
a=fmtp:97 <parameters>; max-red=220

a=rtpmap:98 AMR-WB/16000/2
a=fmtp:98 mode-change-capability=2; max-red=220

a=rtpmap:99 AMR-WB/16000/2
a=fmtp:99 mode-change-capability=2; max-red=220; octet-align=1

a=rtpmap:100 AMR-WB/16000/1
a=fmtp:100 mode-change-capability=2; max-red=220

a=rtpmap:101 AMR-WB/16000/1
a=fmtp:101 mode-change-capability=2; max-red=220; octet-align=1

a=rtpmap:102 AMR/8000/1
a=fmtp:102 mode-change-capability=2; max-red=220

a=rtpmap:103 AMR/8000/1
a=fmtp:103 mode-change-capability=2; max-red=220; octet-align=1

a=ptime:20

a=maxptime:240

	Example SDP answer

	m=audio 49152 RTP/AVP 96
a=rtpmap:96 EVS/16000/2
a=fmtp:96 <parameters>; max-red=220

a=ptime:20

a=maxptime:240


It is possible to use one m= line when setting up a session with equal number of channels in both directions.
When setting up a session with different number of channels for different directions then several m= lines should be used, one defined as send-only and the other defined as receive-only. This also means that the CMR in the RTP packets cannot be used for adaptation request since there are no RTP packets in the back channel for these RTP sessions.
Editor’s note: It should be checked how an SDP with different m= lines and a=sendonly/a=recvonly for different directions is handled by the PCC. For example, if the PCC is likely to interpret this as a streaming service and if it then may then assign a QCI used for streaming instead of the QCI used for conversational voice (QCI=1).

Editor’s note: Setting up a session with one m= line but with asymmetric number of channels for different directions may also be used provided that one have codec parameters for negotiating different number of channels, e.g. ‘ch-send=<#>’ and ‘ch-recv=#’.
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   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   | CMR=15|1|1L FT=4|1|1|1R FT=4|1|1|2L FT=4|1|1|2R FT=4|1|1|3L FT|


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |4|1|0|3R FT=4|1|d1L(0)                                         |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                                               |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                                               |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                                               |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                               d1L(147)|d1R(0) |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   : ...                                                           :


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                       d1R(147)|d2L(0)                         |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   : ...                                                           :


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |d2L(147|d2R(0)                                                 |


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   : ...                                                           :


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                       d2R(147)|d3L(0)         |
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   : ...                                                           :
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   |               d3L(147)|d3R(0)                                 |
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   : ...                                                           :


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


   |                                                       d3R(147)|


   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+








