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1. Introduction

The application level redundancy scheme for AMR/AMR-WB speech codecs has been discussed in last MTSI Ad Hoc and TSG-SA4#40 meeting. The method has been identified usefull in as a “safety net” for packet loss conditions when other adaptation mechanisms such as frame aggregation and bit rate reduction do not provide sufficient improvement. This contribution discusses the use of application level redundancy in MTSI framework. 
2. Codec adaptation
As discussed in document S4-AHM026, the possible application (speech codec) level adaptation possibilities consist of bit rate adaptation, frame aggregation and redundant transmission. The redundant transmission is obviously the last method for improving the end user perceived quality. 

3. Redundancy schemes
Application level redundancy can be invoked in two places. Either the terminal starts encapsulating one or more previous frames with the current one into a packet, or the media gateway buffers old speech frames and conducts repacketisation accordingly before forwarding the packets to downlink. Naturally, in the former case there is more flexibility regarding the codec bit rate adaptation, while in the latter case the mode and hence the overall bit rate cannot be affected without transcoding. 
It should be noted that media gateway initiated redundant transcoding most likely is performed only towards GAN, and hence, the bit rate issue is not that crucial. 

4. Proposed specification text 

MTSI specification, in our mind, should not specify any optional or mandatory use of application level redundancy. Instead, we should specify the mandatory support and recommended configurations for the redundancy. 

Mandatory support means that terminal must have the capability to transmit and receive redundant frames. The recommended configuration, on the other hand, basically concerns AMR/AMR-WB mode selection in case of redundant transmission. Since the redundancy is fairly easy operation consisting only of buffering and recapsulation of speech frames, the codec mode should not be dependent on the redundancy level. We can obviously give recommendations on preferred configurations that lead close to optimal bit rate regarding the applied bearers, but that should not limit the service flexibility. 

The following Sections contain the proposed text for TS 26.114. The proposed text is basically simplified version of the specification text in S4-060447.
Beginning of proposed specification text: 
8.2
Speech

This clause provides a recommendation for a simple application layer redundancy scheme that is useful in order to handle operational conditions with severe packet loss rates. Simple application layer redundancy is generated by encapsulating one or more previously transmitted frames into the same RTP packet as the current previously not transmitted frame(s). An RTP packet may thus contain zero, one or several redundant frames and zero, one or several original speech frames.

When transmitting redundancy, the terminal should switch to a lower codec mode. The terminal shall utilize the rates within the negotiated codec mode set with the negotiated adaptation steps and limitations. It is recommended not to start redundant transmission before the targeted codec mode is reached. Table 1 provides an example of codec modes for different redundancy level combinations with the given codec mode with no redundancy:

Table 1 Recommended codec modes and redundancy level combinations when redundancy is supported
	Redundancy level
	No redundancy
	100% redundancy
	200% redundancy

	Narrow-band speech
	AMR 12.2
	AMR 5.9
	AMR 4.75

	Wide-band speech (when wide-band is supported)
	AMR12.65
	AMR 6.60
	-


8.2.1
Transmitting redundant frames

When transmitting redundant frames, the redundant frames should be encapsulated together with original media data as shown in figure 1 and 2 below. The frames shall be consecutive with the oldest frame placed first in the packet and the most recent frame placed last in the packet. The RTP Time Stamp shall represent the sampling time of the first sample in the oldest frame transmitted in the packet.

Note: When switching from no redundancy to using redundancy, the RTP Time Stamp may be the same for consecutive RTP packets. The RTP Time Stamp will even be decremented when switching from 0% redundancy directly to 200% redundancy.
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Figure 1 Redundant and original frames in the case of 100% redundancy, when the origianl packing is 1 frame per packet
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Figure 2 Redundant and original frames in the case of 200% redundancy, when the origianl packing is 1 frame per packet

These figures show only one original frame encapsulated together with one or two redundant frames. It is allowed to encapsulate several original frames with one or several redundant frames. The following combinations of original frames and redundant frames can be used:

Table 2 Frame encapsulation with different redundancy levels
	Original encapsulation (without redundancy)
	Encapsulation with 100% redundancy
	Encapsulation with 200% redundancy

	1 frame per packet
	<= 1 original frame and

<= 1 redundant frame
	<= 1 original frame and

<= 2 redundant frames

	2 frames per packet
	<= 2 original frames and

<= 2 redundant frames
	<= 2 original frames and

<= 4 redundant frames

	3 frames per packet
	<= 3 original frames and

<= 3 redundant frames
	<= 3 original frames and

<= 6 redundant frames

	4 frames per packet
	<= 4 original frames and

<= 4 redundant frames
	<= 4 original frames and

<= 8 redundant frames


A redundant frame may be replaced by a NO_DATA frame. If the transmitter wants to encapsulate non-consecutive frames into one RTP packet, then NO_DATA frames shall be inserted for the frames that are not transmitted in order to create frames that are consecutive within the packet.

When source controlled rate operation is used, it is allowed to send redundant media data without any original media, if no original media is available.

Note: When going from active speech to DTX, there may be no original frames in the end of the talk spurt while there still are redundant frames that need to be transmitted.

In the end of a talk spurt, when there are no more original frames to transmit, it is allowed to drop the redundant frames that are in the queue for transmission.

Editor’s note: This ensures that it is possible to use redundancy without increasing the packet rate. The quality degradation by having less redundancy for the last frames should be negligible since these last frames typically contain only background noise.

The RTP Marker Bit shall be set to 1 if the first frame in the RTP packet represents a speech onset frame. For all other packets the marker bit shall be set to 0.
8.2.3
Receiving redundant frames

In order to receive and decode redundant media properly, the receiving application shall sort the received frames based on the RTP Time Stamp and shall remove duplicated frames. If multiple versions of a frame are received, i.e. encoded with different bit rates, then the frame encoded with the highest bit rate should be used for decoding.

End of proposed specification text.
5. Conclusion

This contribution provided a flexible approach to application level redundancy. The proposal follows quite accurately the contribution S4-060447, but proposed text is simplified and the codec mode configuration is not any more fixed to any predetermined set leaving headroom for system optimisation towards different access technologies. 
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