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Begin of 1rst Change
11.6
Interworking for the EVS Channel Aware Mode

11.6.1 Introduction
The EVS channel aware (EVS-CA) mode of operation (see TS 26.445 [12]), includes a source-controlled partial-redundant copy in-band, as part of the overall codec payload, which operates at a constant bitrate of 13.2 kbps (264 bits/frame). The partial-redundant copy associated with frame N is encoded and transmitted along with the primary encoding of a "future" frame (N+K). The offset parameter, K, determines the separation between the primary and redundant frame. K is transmitted inband (2 bit), as well as a CA-flag (1 bit) and the length-index for the redundant part (3 bits). 

The RTP packets may be subjected to varying scheduling and routing conditions in PS networks, which may result in packets arriving out of order and experiencing varying end-to-end delay. Packets may also be lost, notably on the uplink radio channel(s). In packet-switched networks, typically, a (de-)jitter buffer together with a jitter buffer management (JBM) is used in speech decoders to remove this jitter and feed the speech frames for decoding in the right order and timing. 

In the EVS-CA mode, if frame N is due for decoding, but is lost, then the de-jitter buffer is inspected for the availability of future frame (N+K). If available, the partial-redundant copy in frame (N+K) is extracted for the synthesis of the lost frame N.
In particular, in the PS downlink (e.g. PS to PS, CS to PS), the de-jitter buffer at the PS-UE helps retrieve and use the partial-redundant copies for decoding of packets lost in the network as shown in the example below, Figure 11.6.1-1. In this example, the partial-redundant copies are encoded and sent at offset K=2 frames.
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Figure 11.6.1-1: PS downlink, de-jitter buffer handling and partial copy recovery

In CS networks, speech is often also transmitted in RTP packets, but the jitter is comparably small or even negligible. A 3G-UE therefore does not deploy a jitter buffer management for decoding. In order to compensate for this unavailability of a de-jitter buffer in the 3G-UE some interworking is necessary within a MGW and between the MGW and the remote 3G-UE. In particular, in the CS downlink (e.g. PS to CS), as there is no de-jitter buffer available in 3G-UEs, the 3G-UE may perform a concealment as shown in the example below, Figure 11.6.1-2, if the partial copies are not available. 
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Figure 11.6.1-2: CS downlink, absence of EVS-CA interworking
11.6.2 
Removal of Jitter in direction PS to CS
The jitter introduced by the PS uplink must be removed, before the speech frame can be sent further in the CS network on the Iu Interface. This JBM should be located within the Iu-terminating MGW, i.e. just before the Iu Interface, or the transcoder, if present. It is, however, also allowed, although not recommended, to remove the jitter in an "earlier" MGW, e.g. the IM-MGW. The jitter processing is used in current MGWs for enabling the PS to CS calls and not detailed here.

The JBM in the Iu-terminating MGW operates as described in Clause 11.6.1, sending in most cases the well-received, reordered, de-jittered speech frame forward to the Iu interface and the decoder within the 3G-UE in due time, one frame every 20 ms. 

If frame N was lost in the PS network, then the MGW may look into the jitter buffer and if frame (N+K) is available, then it can send frame (N+K) to the 3G-UE for decoding as partial-redundant copy. 
In effect, the MGW serves as the JBM for the 3G-UE.  
However, the MGW needs to convey the information to the 3G-UE on how to decode the frame, e.g. as primary frame or as partial-redundant copy frame. That is, the 3G-UE, when it receives the 13.2 kbps EVS-CA frame, needs to know, if it should use the primary portion to decode or use the partial-redundant copy to decode. 

This information is conveyed through the "use_partial_copy" signalling bit. The position of this signalling bit within the EVS CA frame depends on the CA Frame Type, the Coder Type and the bandwidth mode (swb or wb), as shown in Table 11.6.2-1. This use_partial_copy signalling bit is unused (i.e. set to 0) by the EVS encoder in the EVS CA mode and is ignored in the PS-UE EVS decoder, see TS 26.445 [12]. 
Table 11.6.2-1: Signalling bit for “use_partial_copy” decoding

	
	swb
	wb

	CA Frame Type
	Coder type
	b[i], {i=0,1,…263}
	Coder type
	b[i], {i=0,1,…263}

	6
	2
	b[174] 
	1,2,3
	b[186] 

	5
	1,2,3
	b[178] 
	1,2,3
	b[190] 

	4
	2,3
	b[181] 
	NA

	3
	2,3
	b[228] 
	2,3
	b[240] 

	2
	3
	b[228] 
	3
	b[240] 

	0,1,7
	NA


If frame N was lost in the PS network, then the JBM in the MGW shall look into the jitter buffer and if frame (N+K) is available, then the JBM shall send frame (N+K) to the 3G-UE with the use_partial_copy signalling bit set to 1. For the case, where the signalling bit is not applicable (e.g. as they are RF_NO_DATA, SID frames, shown as “NA” in Table 11.6.2-1), the MGW shall simply signal a frame erasure (i.e. send nothing) similar to the case when partial-redundant copy is not available.
The handling within the 3G-UE is described in clause 7.4
In some corner cases, it may well be that a call is setup between a PS-UE1 and a 3G-UE2, until the 3G-UE2 is transferred (by handover, SRVCC, DRVCC) into a PS-domain (e.g. LTE or Wi-Fi). The CS network and the Iu-terminating CS-MGW remain in the call path. In such a case, the Iu-terminating CS-MGW, after performing the User Plane switch to the PS domain, shall delete the received frame with this signalling bit set to1, getting back to the situation before the first JBM. Just the first PS-uplink jitter is removed by the first JBM, but the stream of speech frames after the CS-MGW is the same again as before the first JBM. 

11.6.3 
Removal of Jitter in direction CS to PS
Since the CS-network does not introduce jitter (or only comparably small jitter) and since the PS-network introduces and handles jitter anyway in the PS-UE, there is no need for any jitter removal in the direction CS to PS in a MGW.

The EVS-CA Mode of operation in the direction CS to PS is helpful to mitigate frame losses on the sending CS uplink and the receiving PS downlink, if the JBM is located in the PS-UE.

End of 1rst Change

Begin of 2nd Change

7.4
Interworking in case of the EVS Channel Aware Mode

In CS networks, 3G-UEs do typically not deploy de-jitter buffers for the received speech frames, since the frames arrive essentially without any jitter every 20ms (except in speech pauses). A MGW in the speech path in PS to CS calls shall remove any PS uplink jitter, see also clause 11, before the EVS frames are sent over the Iu interface.

There are nevertheless cases, where the use of the EVS CA mode may be advantageous within the 3G-UE. One such case is that the EVA CA mode is used for improving the robustness against PS-uplink and CS-downlink frame losses in PS to CS interworking. In that case, a part of the EVS CA mode processing is done in conjunction with Jitter Buffer Management (JBM) operation in a MGW between the PS-uplink and CS-downlink. Clause 11 describes the details.

The 3G-UE shall check every received EVS CA frame, if the use_partial_copy signalling bit (see clause 11) is set to 1 or 0. If the signalling bit is set to 0, then the EVS CA primary frame shall be decoded and the redundant part is ignored. If the signalling bit is set to 1, then the redundant part of this EVS CA frame shall be decoded, as if received in (the future) frame (N+K). The difference to a PS-UE is that the 3G-UE does not have to wait for frame (N+K), but can decode immediately without additional delay. The frame received with signalling bit 1 is saved in a buffer to improve the performance of CS-downlink loss, if frame (N+K) is lost on the CS downlink.

End of 2nd Change

