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Begin of 1rst Change
11.x
Interworking for the EVS Channel Aware Mode

11.x.1 Introduction
The EVS channel aware (EVS-CA) mode of operation (see TS 26.445 [12]), includes a variable-bit-rate partial redundant copy (0 to 66 ? bits/frame) inband 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 "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). 
Note that sometimes several speech frames are packet into one RTP packet for the transmission in PS networks. 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). 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 redundant copy in frame (N+K) is extracted for the synthesis of the lost frame N. The EVS-CA mode mitigates the loss of speech frames.
In CS networks speech is often also transmitted in RTP packets, but the jitter is comparably small or even negligible. The 2G and 3G radio interfaces don't allow any jitter. A 3G UE therefore does not deploy a jitter buffer management for decoding.
In order to deploy the EVS-CA mode also in CS-Networks, some interworking is necessary within MGWs and between the MGW and the remote decoder in the CS-world.
11.x.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. This JBM may be located within any MGW in the path, often it is within the IM-MGW. The processing for most EVS modes of operation is state-of-the art and not detailed here. Only the EVS-CA mode of operation needs specific treatment, as specified in the following.
The JBM in the MGW operates as described above in the introduction, sending in most cases the well-received, reordered, de-jittered speech frame forward to the decoder in due time, one frame every 20 ms. These frames are not modified and contain primary part and redundant copy, as usual in EVS-CA mode.
Only in the (rare) case, a frame N is lost in the PS network, then frame (N+K) is used, replacing the lost frame N. Since in TrFO the decoder is not within the MGW, but in the remote CS-network or CS-terminal, the MGW must add some inband signalling to instruct the remote decoder using the redundant copy and not the primary part. In fact, the primary part of frame (N+K) is not needed at all in this inserted frame and is replaced by the so called "EVS-CA-Marker-1", see below.
If in such cases of a lost frame N, the future frame (N+K) is not within the jitter buffer, then an artificial frame is inserted, replacing the lost frame N. The primary part of this artificially inserted frame is replaced by the so called "EVS-CA-Marker-2", see below.
Sometimes the JBM has to insert another artificial frame due to too high jitter, where the jitter buffer runs empty. The primary part of this artificially inserted frame is replaced by the so called "EVS-CA-Marker-3", see below. This EVS-CA-Marker-3 is necessary to inform the remote decoder that the relationship between the primary frames and the frames with the redundant copy is disturbed for a short while (K frames).
The three EVS-CA-Markers of these inserted frames are defined as follows.

Step 1: The whole primary part of the inserted frame is replaced by "0" bits. 
Note that the size of the primary part depends on the redundant copy and is at least 192 bits in size. 
Step 2: In cases of EVS-CA-Marker-2 and EVS-CA-Marker-3 the not needed part of the redundant copy is set to its minimal size and replaced by "0" bits.
Step 3: the first [16] bits of the primary part are then set to differentiate the three EVS-CA-Markers:
EVS-CA-Marker-1:
0101.0101.0101.0101,
which the b-bit field "01" repeated 8 times.
EVS-CA-Marker-2:
1010.1010.1010.1010,
which the b-bit field "10" repeated 8 times.
EVS-CA-Marker-3:
1111.1111.1111.1111,
which the b-bit field "11" repeated 8 times.
Discussion

The application of inband markers is following the very successful "SID code word" approach for GSM_FR, GSM_HR and GSM_EFR, see for example TS 46.012, cite: "The SID code word consists of 95 bits, which are all (set to) zero".

Although it is in theory possible that a "normal" speech frame contains a primary part with all 192 (or more) bits set like one of these EVS-CA-markers, the likelihood for such an event is extremely small and the case is negligible. It is even possible to detect these EVS-CA-Markers very reliably, if they are partly destroyed by radio transmission errors, which might occur in CS networks.
It is important that 3G UEs understand and deploy these EVS-CA-Markers in case of EVS-CA mode of operation.
The fact, that most frames contain primary and redundant part as usual in EVS-CA, allows a satisfying deployment of EVS-CA also in cases, where the remote UE, "behind" the CS-network, is handed over into a PS network (e.g. LTE or WiFi). The terminating PS access may introduce again jitter and frame loss and the included redundancy can be deployed a second time, now in the PS UE. These EVS-CA-Markers are in such a case also received in PS UEs.
11.x.2 
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, there is no need for any jitter removal in the direction CS to PS.
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

