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Ambiguity in TS 26.093 for SID_FILLER scheduling with TCH/AHS
1 Introduction

According to 3GPP TS 26.093 8.0.0, §A.5.1.1 (Functions of the TX DTX handler):
At the end of a speech burst (transition VAD flag ="1" to VAD flag ="0"), it takes 8 consecutive frames to make a new updated SID analysis available at receiver side (see 3GPP TS 26.092). Normally, the first 7 speech encoder output frames after the end of the speech burst shall therefore be passed directly to the RSS, marked with TX_TYPE =" SPEECH_GOOD " ("hangover period"). The end of the speech is then indicated by passing frame 8 after the end of the speech burst to the RSS, marked with TX_TYPE = “SID_FIRST”.
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Once the first SID analysis after the end of a speech burst has been computed and the SID_FIRST frame has been passed to the Radio Subsystem, the TX DTX handler shall at regular intervals compute and pass updated SID_UPDATE (Comfort Noise) frames to the Radio Subsystem (RSS) as long as VAD flag = "0". SID_UPDATE frames shall be generated every 8th frame. The first SID_UPDATE shall be sent as the third frame after the SID_FIRST frame.
For TCH/AHS (Adaptive multi rate speech channel at half rate), the SID_FIRST marker (defining the end of speech and the start of DTX) is decomposed in two parts with different frame formats: SID_FIRST_P1 and SID_FIRST_P2. According to 3GPP TS 45.003, for SID_FIRST_P1 the result of the interleaving is a distribution of the reordered 228 bits of a given data block over 4 blocks using the even numbered bits of the first 2 blocks and the odd numbered bits of the last 2 blocks. For SID_FIRST_P2, the result of the interleaving is a distribution of 114 of the reordered 228 bits of a given data block over 2 blocks using the even numbered bits (the odd numbered bits of these 2 blocks have already been filled by the SID_FIRST_P1 frame). For SID_UPDATE, the result of the interleaving is a distribution of the 456 bits of a given data block over 4 blocks using all bits (the even and the odd numbered ones) for each block. The block of coded data is interleaved "block rectangular" where a new data block starts every 4th block and is distributed over 4 blocks.
When DL DTX is enabled, a No_Data frame leads to the stop of the radio transmission. Taking for example the figure of 3GPP TS 26.093 seen above, the following figure describes how the frames are interleaved in the air interface.
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Figure 1: frames interleaving on air when DTX DL is requested
When DTX in downlink is not requested, SID and No_Data frames can be received by the TX Radio Subsystem only when TFO is on-going and UL DTX has been activated on the remote side. This is an excerpt of 3GPP TS 26.093 v8.0.0, §A.5.1.2.3 (Functions of the Downlink TX Radio Subsystem for TFO):
The TX Radio Subsystem in the BTS shall in addition operate in the following way regarding DTX, if TFO is ongoing (see 3GPP TS 28.062): 

· Frames with TX_TYPE = SPEECH_GOOD, SID_FIRST and SID_UPDATE shall be handled as usual in DTX, regardless whether DTX in downlink is requested or not. Also NO_DATA shall be handled as usual, if DTX is requested.

· Frames with TX_TYPE = NO_DATA shall be replaced by SID_FILLER frames, if DTX in downlink is not requested.  By this the radio transmission continues in downlink, although no parameters are transmitted in speech pauses on the Abis interface. The MS generates Comfort Noise in these speech pauses. 

· Frames with TX_TYPE = SPEECH_DEGRADED shall be handled exactly like SPEECH_GOOD frames.

· For frame with TX_TYPE = SPEECH_BAD and SID_BAD the CHE shall perform its regular processing, but then shall invert the six, respectively 14 CRC bits before convolutional encoding and transmitting the frames on the air interface. By this the error concealment mechanism in the MS is triggered to handle these corrupted frames.

· ONSET frames may be ignored by the TX Radio Subsystem and need not to be processed.

Definition: SID_FILLER frames are like SID_BAD frames, but with all information bits set to “1”. The 14 CRC bits shall artificially be inverted by the CHE before convolutional encoding and transmission.
As for SID_UPDATE frames, for SID_FILLER frames the result of the interleaving is a distribution of 456 bits over 4 blocks using all bits (the even and the odd numbered ones) for each block. Considering again the sequence of frames described above, the following figure shows the frames interleaving in the air interface.
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Figure 2: frames interleaving on air when DTX DL is not requested

We can see that, because of the SID_FILLER frame, the SID_UPDATE frame can not be sent by the TX Radio Subsystem. Moreover, due to the fact that SID_UPDATE frames shall be generated every 8th frame, then SID_FILLER frames will always prevent the transmission of SID_UPDATE frames.
2 Proposed solution
For TCH/AHS, during speech pauses and if DTX in downlink is not requested, a SID_UPDATE frame should be rescheduled on the frame subsequent to the second part of a SID_FILLER frame. This solution is described in Figure 3.
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Figure 3: frames interleaving on air when DTX DL is not requested
The delay on the SID_UPDATE frame transmission is not a problem for the MS: the same behavior shall be implemented in the TX Radio Subsystem for a “stolen” SID_UPDATE frame (i.e. a SID_UPDATE frame replaced by a FACCH frame): according to TS 26.093, a stolen SID_UPDATE should be rescheduled on the frame subsequent to the SID_FIRST_P1 and SID_FIRST_P2 markers that follow the FACCH frame(s).
3 Proposed modification of TS 26.093
It is proposed to add the following sentence in §A.5.1.2.3 (Functions of the Downlink TX Radio Subsystem for TFO) of 3GPP TS 26.093 v8.0.0:
For TCH/AHS, during speech pauses and if DTX in downlink is not requested, a SID_UPDATE frame shall be rescheduled on the frame subsequent to the second part of a SID_FILLER frame.
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