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OS2 solution using AMR procedures – Detailed description

1 Introduction

This document was earlier presented at the TSG GERAN Adhoc #2 meeting in Munich [6].

The Operational Scenario 2 (OS2) is a multiplexing option used in GERAN release 2000 standardization. The term OS2 in this document refers to the method of multiplexing optimized voice RAB with a Background RAB and/or Interactive RAB with low traffic handling priority as defined in 43.051.

When designing the OS2 solution some requirements are:

· Speech quality should not be degraded

· Keep existing channel coding

· Maintain reasonable receiver complexity

To support OS2 the following formats has to be differentiated by the receiver:

· FACCH

· PACCH

· MCS 1-4

· MCS 5-6

· MCS 7-9

· Speech

Some of the formats are differentiated by modulation, e.g. MCS 1-4 and MCS 5-9. Depending on the modulation for the speech and FACCH different solutions apply, however the basic concept described in this report is the same for all cases.

One approach is to differentiate between the formats having the same modulation with the help of layer one headers, i.e. stealing bits. This may however require the number of stealing bits to be extended from today’s 2 per burst, which would violate the second requirement above.

The limiting requirement for the stealing bits is during speech, which generally have a quite low frame error rate at low SNR. During packet data transfer the operation point is typically around 10% frame (block) error rate. More stealing bit codewords may then be acceptable.

2 Present AMR States

This section describes the procedures used by the AMR Rx DTX handler already standardized in release 1998. Note that layer 1 is state less for the basic AMR concept.

The states for the Rx DTX handler are shown in Figure 1. 
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Figure 1: AMR Rx DTX handler states

The RX_TYPE identifiers as shown in chapter 6.1 in 06.93 [1] are shown in Table 1. The receiver uses a combination of identification markers, stealing bits, decoding and CRC check to classify the received data with the labels shown in the table before sending it to the RX DTX handler which among other things generate the comfort noise. The basic operation for each frame is:

1. The receiver searches for the RATSCCH, SID_UPDATE, SID_FIRST and ONSET identification markers. If any one of these is found, a suitable RX_TYPE legend is added.

2. If none of the above is found the data is assumed to be speech and is decoded accordingly. Different legends are added to the frame depending on the quality of the decoded speech frame.

Table 1: RX_TYPE identifiers from 06.93

RX_TYPE Legend
Description

SPEECH_GOOD
Speech frame with CRC OK. Channel decoder soft values also OK.

SPEECH_DEGRADED
Speech frame with CRC OK, but 1B bits and class2 bits may be corrupted.

SPEECH_BAD
(likely) speech frame, bad CRC (or very bad channel decoder measures)

SID_FIRST
First SID marks the beginning of a comfort noise period.

SID_UPDATE
SID update frame (with correct CRC)

SID_BAD
Corrupt SID update frame (bad CRC; applicable only for SID_UPDATE frames)

ONSET
ONSET frames precede the first speech frame of a speech burst.

NO_DATA
Nothing useable (for the speech decoder) was received. This applies for the cases of no received frames (DTX) or received FACCH, RATSCCH or SID_FILLER signaling frames.

3 State dependent stealing bits

If the stealing bits would be state dependent, i.e. the receiver knows if the speech is in DTX or not, the number of stealing bits could be kept. This is already proposed by Lucent. The main disadvantage with state dependent stealing bits is if the receiver looses a state transition, which may lead to incorrect interpretation of the stealing bit word. Lucent solution to this is that the receiver could try to decode a second time with a different format if the first decoding is unsuccessful. This is not acceptable from a receiver complexity point of view, and would violate the third requirement in Section 1.

An alternative solution is listed in Table 2. The main idea is to have a stealing bit word in the NO SPEECH state that indicates speech. If the receiver then think it is in NO SPEECH mode, but the transmitter continues to transmit speech, the receiver will soon realize that speech is sent and return to the SPEECH state. This requires that the stealing bit word for speech is the same in both states (all zero).

Table 2: State dependent stealing bits, example for GMSK.

SPEECH
NO SPEECH

Speech
Speech

FACCH
MCS 1-4


PACCH

The price that has to be paid in order to return to the SPEECH state is some lost speech frames. This is a small price considering the low risk of a lost ONSET and compared to the receiver complexity if exhaustive search is performed. 

Another advantage with this solution is that the stealing bits in the SPEECH state could be diagonal interleaved and the stealing bits in NO SPEECH state block interleaved. If two consecutive speech frames are transmitted all stealing bits will be zero, even from a block perspective, which would lead the receiver back to the SPEECH state. 

3.1 Full-Rate Example

Figure 2 shows an example of a full-rate transmission, where an ONSET is transmitted during the start of a talk spurt. The identification marker SID_FIRST is used to indicate end of a talk spurt. 
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Figure 2: Speech frames (numbered), FACCH/F and EGPRS block on a full rate channel. The thick lines illustrate how the stealing bits are read (diagonal or block).

3.2 Half-Rate Examples

Figure 3 shows an example of a half-rate transmission, where an ONSET is transmitted during the start of a talk spurt. Note that the ONSET is half as long compared to the FR case. The identification markers SID_FIRST_P1 and SID_FIRST_P2 are used to indicate end of a talk spurt. 
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Figure 3: Speech frames (numbered), FACCH/HU and EGPRS block on a half rate channel. The EGPRS block could either be MCS 1-9 or PACCH.

Since some of the information in HR speech has a 40 ms length, e.g. SID_UPDATE, and the speech itself has a granularity of 20 ms some special fields have been defined. One such field is the SID_UPDATE_INH which is used to inhibit a SID_UPDATE in case there is speech frames starting where the second two burst of SID_UPDATE were to be transmitted. This example is shown in Figure 4.
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Figure 4: HR speech example when SID_UPDATE_INH is used.

4 State Diagram

The AMR states shown in Section 2 could be extended to support operational scenario 2. This requires that layer 1 is state dependent, having the same states as the AMR Rx DTX handler. The extended states to support OS2 are shown in Figure 5. The normal transition from a talk-spurt to NO SPEECH is the SID_FIRST identification marker. The next talk-spurts start with an ONSET identification marker that brings the receiver into a SPEECH POSSIBLE state where comfort noise generation is continued. The SPEECH state is only entered if a successful decoding of a speech frame is done, at which point the comfort noise generation is turned off.

Table 3 defines names for the stealing bit codewords used in the state transitions when speech is GMSK modulated. The stealing bit (SB) words are either named DSBx, referring to Diagonal interleaved Stealing Bits, or BSBx, referring to Block interleaved Stealing Bits.

Table 3: State dependent stealing bits (GMSK example)

SPEECH
NO SPEECH

Description
Name
Codeword
Description
Name
Codeword

Speech
DSB0
00000000
Speech
BSB0
0000

0000

FACCH
DSB1
11111111
MCS 1-4
BSB1
0001

0110




PACCH
BSB2
1111

1111
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Figure 5: Basic States for the physical layer

5 State Transition Error Recovery

5.1 Missed SID_FIRST

If the Tx side enters NO SPEECH state by sending a SID_FIRST marker and the Rx side do not detect this marker due to a very bad channel the receiver will be in an incorrect state. If there is best effort data to transmit the receiver will continue to decode the received data as speech or FACCH depending on the stealing bits, which will result in a bad CRC for all speech/FACCH frames. The speech decoder will then mute the received speech.

The next chance for the receiver to move into correct state is the SID_UPDATE frame, which occurs first time after tree frames (60 ms) and then every eight frame (every 160 ms).  

This state error will have a speech impact since it is annoying to have speech muting for a longer time period. Note however that there is no difference from the existing AMR procedures. The speech quality due to the missed SID_FIRST is therefore not degraded by introduction of OS2. The likelihood of not detecting a SID_FIRST must be considered as very low.
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Figure 6: Missed SID_FIRST example for FR.
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Figure 7: Missed SID_FIRST example for HR.

The AMR adaptation is based on C/I estimates. The C/I estimation is not standardized, but 05.09 [2] suggest a solution based on the channel estimates in the equalizer. The channel estimates will be the same regardless of which state the receiver is in. Therefore a number of speech frames with bad CRC will not lead to a change in AMR rate.

5.2 Missed ONSET

This section covers the case if the receiver is in NO SPEECH state and misses the ONSET marker when the transmitter enters the SPEECH state. 

If, for a full-rate channel shown in Figure 8, the 20 ms period containing ONSET is lost, the 1st speech frame will most probably be lost. If the subsequent 20 ms period has better quality the receiver, still in NO SPEECH state, will block decode the stealing bits and probably decide that it is the codeword BSB0. This will lead the receiver into the SPEECH POSSIBLE state, where the 2nd speech frame will be decoded. If the decoding is successful the receiver sends the speech frame to the speech decoder, and enters the SPEECH state. 

For a half-rate channel a lost ONSET will lead to at least two lost speech frames, compared to one for full rate, as shown in Figure 9.

This scenario may lead to somewhat higher front end clipping due to OS2 than a non-OS2 case. However, if the ONSET is lost, speech frame one is probably lost both for non-OS2 and OS2. The probability to loose two (for FR) consecutive speech frame at the beginning of the talk spurt is P(missed ONSET)*P(missed BSB0). This should be a low value.
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Figure 8: Missed ONSET example for FR.
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Figure 9: Missed ONSET example for HR.

5.3 Other error recovery scenarios

The examples of error recovery shown in Section 5.1 and 5.2 are the two most apparent ones. However, other state transition errors may exist, and they must be thoroughly examined so that speech quality impact is minimized. Simulations and investigations on the probability on missed identification markers should also be shown at a later stage.

6 Support of FACCH during silence periods

Important signaling, such as handover, should be transmitted over FACCH both during SPEECH and NO SPEECH. By doing so the receiver always has the possibility to receive and decode a FACCH regardless of the state it is in. 

The procedure for transmitting RATSCCH and FACCH during silence periods is defined in 06.93 [1] section 5.1.2.4. The RATSCCH and FACCH should be treated as a short speech burst, i.e. starting the transmission with an ONSET field, followed by the RATSCHH/FACCH frame(s) and ending with an SID_FIRST. The procedures can therefore be used as they are defined today for AMR. 

Figure 10 and Figure 11 shows an example when a FACCH is transmitted during NO SPEECH state.

Figure 12 shows the receiver state diagram with the FACCH extension. The receiver is in NO SPEECH state and receives an ONSET, brining the Rx side to the SPEECH POSSIBLE state. The FACCH is then decoded diagonally (if the stealing bits indicate FACCH). If the FACCH is decoded successfully (FACCH_GOOD), the Rx side remains in the SPEECH POSSIBLE state in case there is a second FACCH frame. If all adjacent FACCH frames are already transmitted, the receiver will detect the SID_FIRST identification marker, bringing the Rx side back to the block interleaved NO SPEECH state. Best effort data transmission could then be continued.

The new legend FACCH_GOOD is defined in Table 4.
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Figure 10: FACCH example for a full-rate channel. F indicates FACCH.
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Figure 11: FACCH example for a half-rate channel. F indicates FACCH. 

Table 4: RX_TYPE extension

RX_TYPE Legend
Description

FACCH_GOOD
FACCH frame with CRC OK. Channel decoder soft values also OK. NO_DATA is indicated to the DTX handler.
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Figure 12: States with FACCH extension.

7 Present stealing bit codewords

The existing stealing bit codewords are shown in Table 5 and Table 6 for PDTCH. If an extra codeword that indicates speech would be included in these tables it is obvious that the minimum hamming distance for GMSK between MCS1-4 and speech would be 3. 

For 8-PSK a speech codeword and MCS5-6 codeword have the same pattern (all zeros). 

It is therefore at least necessary to change the stealing bit codewords for MCS5-6 when multiplexing speech and data on the same physical sub-channel. New stealing bit combinations are proposed in Chapter 8 and 9. 

Table 5, R’99/R´97 PDTCH definition of GMSK stealing bits.


Code word #1
Code word #2
Dmin

CS1/PACCH
1111

1111
Undefined
5

CS2
1010

1000
Undefined
5

CS3
0100

0001
Undefined
5

CS4
0001

0110
Undefined
5

MCS1-4
0001

0110
0000
Same as CS4

Table 6, R’99 definition of 8-PSK stealing bits.


Code word
Dmin

MCS 5-6
0000

0000
6

MCS 7-9
1101

1011
6

8 GMSK Speech Solution

This section presents the solution suitable for GMSK speech. Since the length of the EGPRS block are the same both for FR and HR, the stealing bit solutions are the same. To support the speech codeword for the GMSK modulation the all zero codeword is introduced. The stealing bit codeword for PACCH and MCS1-4 are kept as defined for R’99. 

The price for introducing the speech codeword, BSB0, is a reduced hamming distance compared to what is defined for R’99. Annex A.1 present simulation results for these three codewords and it is shown that performance is adequate.

On 8-PSK only MCS5-6 and MCS7-9 have to be differentiated. The stealing bit codewords could be preserved as for release 99, however they need to be changed for the 8-PSK speech channel. The easiest solution may be to always use the new codewords when multiplexing speech and data, regardless of the modulation of the speech. 

The stealing bit codewords for the two states when using GMSK modulated speech are shown in Table 7 and 
Table 8
.

Table 7: State dependent stealing bits (GMSK)

SPEECH
NO SPEECH

Description
Name
Codeword
Description
Name
Codeword
Dmin

Speech
DSB0
00000000
Speech
BSB0
0000

0000
3

FACCH
DSB1
11111111
PACCH
BSB1
1111

1111
5




MCS 1-4
BSB2
0001

0110
3

Table 8: State dependent stealing bits (8PSK)

SPEECH
NO SPEECH

Description
Name
Codeword
Description
Name
Codeword

N.A


MCS 5-6
BSB1
See below




MCS 7-9
BSB2
See below

9 8-PSK Speech Solution

This section presents the solution suitable for 8-PSK speech. In this case the speech codeword for NO SPEECH state would appear on the 8-PSK modulation. Since the speech codeword have all zeros, the MCS5-6 codeword have to be changed. The codeword for MCS7-9 can be maintained. One extra 8-PSK codeword could be reserved for future use without reducing the hamming distance. The performance of the codewords for 8-PSK is presented in Annex A.2.

The stealing bit codewords for the two states when using 8-PSK modulated speech are shown in Table 9 and Table 10.

Note that the concept described in this document assumes a diagonal interleaved FACCH, which for 8-PSK speech would mean that the FACCH is also 8-PSK modulated. The performance of a diagonal interleaved 8-PSK FACCH is sufficient as earlier presented in [5].

Table 9: State dependent stealing bits (GMSK)

SPEECH
NO SPEECH

Description
Name
Codeword
Description
Name
Codeword

N.A


PACCH
BSB1
1111

1111




MCS 1-4
BSB2
0001

0110

Table 10: State dependent stealing bits (8PSK)

SPEECH
NO SPEECH

Description
Name
Codeword (1)
Description
Name
Codeword
Dmin

Speech
DSB0
00000000
Speech
BSB0
0000

0000
5

FACCH
DSB1
11111111
MCS 5-6
BSB1
0011

0111
5




MCS 7-9
BSB2
1101

1011
5




Reserved

1110

1100
5

(1) More than eight stealing bits will be defined for 8-PSK speech.

10 Conclusion

The concept described in this document provides a solution to the problem of multiplexing speech and data on the same physical subchannel.

Before this OS2 concept is finally accepted in the standard, a thorough examination of all possible error cases have to be performed. 

Some characteristics are:

· Speech quality degradation compared to existing AMR is considered to be negligible. There is however a small risk for a lost ONSET which would lead to some missed speech frames.

· No changes in channel coding due to OS2.

· Receiver complexity increase is low.

· No problem with link adaptation (modulation changes).

· Blind detection is not needed during speech transmission if speech and FACCH use the same modulation.

· The concept could easily be extended to support high priority data transfer, e.g. SIP signaling.

· A small number of best effort data blocks may be lost if in an incorrect state.

· EGPRS stealing bit codeword for MCS 5-6 will be different when multiplexing speech and data on the same physical sub-channel.
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Simulation Results

A.1 GMSK Stealing bits

This chapter presents result on the stealing bit codeword performance. Table 11 shows the three stealing bit codewords used in the simulation. The codewords for PACCH and MCS1-4 are the same as defined for EGPRS R’99. In addition, to support OS2, an extra codeword with all zeros, BSB0, are introduced to indicate speech. The minimum hamming distance is then reduced from 5 in R’99 to 3.

The word error rate, BLER, on these codewords are presented in Figure 13. It can be seen that although the hamming distance is 3 the performance of the codewords compared to the performance of MCS-1 is adequate. The BLER of the stealing bits will not affect the BLER of MCS-1.

Table 11: Stealing bits for GMSK when speech uses GMSK.

Description
Name
Codeword
Dmin

Speech
BSB0
0000

0000
3

PACCH
BSB1
1111

1111
5

MCS 1-4
BSB2
0001

0110
3

[image: image4.wmf]
Figure 13: BLER for GMSK stealing bits for Typical Urban 3 km/h channel with ideal frequency hopping. BLER for MCS-1 is shown as a reference.
A.2 8-PSK Stealing bits

The stealing bit codewords for 8-PSK when the speech uses 8-PSK is shown in Table 12. A codeword with all zeros indicating speech, BSB0, have to be introduced. The EGPRS R’99 definition of stealing bits specifies the all zero codeword to MCS5-6. This codeword have to be replaced. The codeword for MCS7-9 is kept as defined for R’99.

The performance of the three codewords is presented in Figure 14. It can be seen that the BLER for the stealing bit codewords are well below the BLER of MCS-5. The presented codewords are therefore adequate for 8-PSK during NO SPEECH state. Note that the BLER for the header approaches the stealing bit error rate at higher C/I. This may be a problem when using IR. This effect is the same regardless of the OS2 solution presented here since the R’99 hamming distance of the 8-PSK codewords are preserved.

Table 12: State dependent stealing bits (8PSK)

Description
Name
Codeword
Dmin

Speech
BSB0
0000

0000
5

MCS 5-6
BSB1
0011

0111
5

MCS 7-9
BSB2
1101

1011
5

[image: image5.wmf]
Figure 14: BLER for 8-PSK stealing bits. Typical Urban 3 km/h with ideal frequency hopping is used. BLER for MCS-5 is shown as a reference.
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