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1 Introduction
Using the Fast Associated Control Channel (FACCH)  in GSM has been proposed as a means to send SMS. FACCH steals frames from the traffic channel, however, and concern has been raised about the impact to voice quality. SA4 has been tasked to investigate this impact.
2 Preparation of the Listening Test
Research In Motion has conducted informal listening tests for the case that a concatenated SMS consisting of 3 individual SMS  is sent at a rate of every 5 seconds according to the test framework described in [1]. The test setup used error patterns with C/I that were tuned so that the frame error rate would be approximately 1% without FACCH frame stealing. Three sets of traffic channel conditions were tested: GSM Full Rate speech codec on a full rate channel (with a C/I of 8.64), AMR 7.95 on a half rate channel (with a C/I of 14.5), and GSM Half Rate speech codec on a half rate channel (with C/I of 9.3). During SMS transmission, 1 in 10 speech frames was stolen for a full rate traffic channel and 2 in 10 speech frames were stolen for a half rate traffic channel. 
Two speech files were used for the listening tests, one with a single male English speaker (moderate pitch) which was 460 speech frames (9.2 seconds) in duration and a second with  6 English speakers (3 male and 3 female) which was 615 speech frames (12.3 seconds) in duration. 
Because codec executables for AMR and FR and Matlab scripts to read and write error patterns already exist from the eCall test setup [2], these were reused. ASCII binary error pattern files provided by Qualcomm were used to corrupt the speech frames. A ‘1’ in the error pattern files corresponds to a lost frame, which could either be because the frame has  a failed CRC check or because the frame is stolen due to FACCH. In this model frames are either without error or completely lost. No partial information was used for error concealment in either the files used for FACCH frame stealing or the files without frame stealing. An additional Matlab script attached (steal_frames.m) takes an encoded speech file in the  “extended if1” format (like that used in the eCall test setup) , corrupts it with an ASCII file of ones and zeros  and then produces an output file which is also in the “extended if1” format. Lost frames are replaced with frames of type ‘NO_DATA’ .
So for example,  
amr_vad1  -e –m [5] –x –i speech_file –o speech.if1 
would produce the if1 file with dtx enabled
Additional details can be found in [2]. Steal_frames.m can then used to corrupt the encoded speech. For example:
     steal_frames(‘speech.if1’,’error_pattern’,’corrupted_speech.if1’,’afs’)

Then the corrupted speech is decoded by
 amr_vad1 –d –m [5] –i corrupted_speech.if1 –o decoded_speech.pcm

Since the GSM Half Rate speech codec was not included in the selection phase of eCall, the code of TS 06.06 [3] was compiled to get executables for the GSM Half Rate codec  (these do not put the speech in “extended if1” format used in the eCall test setup).

An additional Matlab script attached (steal_frames_hr.m) was used to apply the error patterns for the GSM HR codec. The Matlab script takes as inputs the encoded speech processed by reid.exe  (see the readme in TS 06.06 for details).  If the corresponding input in the error pattern is a ‘1’, then the frame is replaced in the output file by an “unusable” frame where the BFI and UFI flags are set and the encoded speech parameters are replaced by random bits.

So, for example, if the input speech is in the file speech.pcm and we do the following:

      gsm_hr enc speech.pcm speech.cod dtx

     reid speech.cod speech.dec EP0

speech.dec will now contain “clean speech”. To corrupt the file with the error pattern file “error_pattern”, call the Matlab function  “steal_frames_hr” as

steal_frames_hr(‘speech.dec’,’error_pattern’,’speech_corrupted.dec’)

then the file  speech_corrupted.dec can be decoded using gsm_hr as follows

gsm_hr dec speech_corrupted.dec speech_output.pcm dtx

2 Listening Test Results
The 3 sets of traffic channel conditions and 2 speech files resulted in 6 A/B listening comparisons in which users were provided with 3 speech files for each of the 6 comparisons. One file was the original PCM speech file (8kHz mono). The other two files contained the speech processed without FACCH frame stealing and speech processed with FACCH frame stealing, respectively. The latter two files were randomly labeled with ‘A’ or ‘B’ for each comparison.
Seven naïve listeners were asked to choose the file ‘A’ or ‘B’ which most faithfully represented the original source speech file and recorded their preference. With a total of 42 comparisons (seven listeners and 6 comparisons each), all 42 preferences were for the speech processed without FACCH frame stealing.
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