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1 Introduction

The previous GERAN concept of "OS2" has been abandoned in favor of a more generic concept of physical layer multiplexing of various combinations of real-time and non-real-time data [GAHW-099].  In particular, this more generic concept includes the GERAN optimized speech bearer (OSB).  The OSB must efficiently carry diagonally interleaved voice and SIP signaling.  The EGPRS data format has been identified as the most efficient mechanism for carrying SIP signaling [GAHW-033].  The OSB logical channel combinations are summarized in Table 1.

Logical Channel Combination
Notation

TCH/F + FACCH/F + SACCH/F
OSB-TF/F or TF/F or TF

TCH/H + FACCH/H + SACCH/H
OSB-TF/H or TF/H or TF

TCH/F + FACCH/F + SACCH/F + PDTCH/F + PACCH/F
OSB-TFP/F or TFP/F or TFP

TCH/H + FACCH/H + SACCH/H + PDTCH/H + PACCH/H
OSB-TFP/H or TFP/H or TFP

Table 1: Logical Channel Combinations

The OSB must implement a robust physical layer inband signaling mechanism for detecting either diagonally interleaved speech (TCH) or block interleaved data (PDTCH).  A state-based design—based on AMR DTX procedures—for the OSB-TFP inband signaling mechanism is both feasible [SMG2-575/00, GAHW-085] and agreeable to multiple companies [GAHW-098].  For the purpose of distinguishing "Silence" periods supporting high-priority data (e.g., SIP signaling) from those only supporting best-effort data, the following assumptions are made throughout this contribution:

· A new DTX marker, FORCED_SILENCE, indicates a "silence" period supporting high-priority data [GAHW-009].

· The performance (missed detection, false detection, etc.) of the FORCED_SILENCE marker is similar to that of SID_FIRST.

· During silence periods indicated via the FORCED_SILENCE marker, no transmission of SID_UPDATES occurs. 

The primary open design issues for the inband signaling mechanism based on AMR DTX procedures are:

· no negative impact to speech performance,

· adequate recovery for missed SID_FIRST marker, and

· adequate recovery for missed ONSET marker.

The following proposed GMSK full-rate solutions are extendable to half-rate scenarios.

2 Inband Signaling Performance Targets

For GMSK FR the 1% FER for the 7.4 kb/s AMR vocoder offers a reasonable minimum performance criterion for speech. GMSK FR speech has 1% FER at approximately 5.5 dB C/I [GP-000161]. The minimum operating point for GMSK FR speech is limited by FACCH performance which degrades severely beyond 5 dB C/I. (The GMSK FACCH achieves a BLER of 20% at ~5 dB C/I [GP-000254]).  The minimum practical AMR vocoder rate for GMSK FR speech is 7.4 kb/s. However, the suite of AMR vocoders offers low-quality speech (as opposed to speech blanking) during momentary deep fades.  Thus, an appropriate inband signaling mechanism is also robust at the 1% FER operating point of a low rate vocoder such as the 4.75 kbps AMR vocoder [GAHW-085].

The false detection rate of the TF or TFP inband signaling for blocks containing speech should be similar to the existing inband signaling error rate (based on 8 bits indicating two patterns with a Hamming distance of 8) at the anticipated worst-case operating point. Thus, the target inband signaling performance is ~0.4% at 2.5 dB C/I for a FR channel. Such an inband signaling false detection rate has a minimal impact on speech quality.  Any better false detection rate is unnecessary. The relative inband signaling false detection rate target with respect to PDTCH BLER is more stringent than for speech since PDTCH can typically operate at much higher BLER. Fortunately, the target indicated for speech also meets the PDTCH requirement. 

The need for robust indication of SIP signaling is paramount since SIP signaling is imperative control information.  For inband signaling based on AMR DTX procedures, the start of SIP signaling corresponds to a FORCED_SILENCE marker.  Thus, a robust SIP detection scheme compensates for missed detection of a FORCED_SILENCE marker.  Similarly, robust indication of Speech motivates the need for state recovery after a missed ONSET marker.  Negligible speech impact corresponds to an inband signaling error rate (probability of state recovery after a missed ONSET marker) of 0.4% at 2.5 dB C/I. 

3 Stealing Bit Solutions

In order to efficiently support SIP call control messages, the TFP inband signaling mechanism must robustly convey more combinations than simply Speech and FACCH.  For FR channels, all detection decisions are made on 20 ms boundaries.
  Transmission periods characterized by Speech or FACCH are denoted as the "Voice State," and periods characterized by the transmission of PACCH or MCS1-9 (or by DTX) are denoted as the "Silence State."  

3.1 OSB-TFP interleaving

An example of interleaving for a FR channel is given in Figure 1.  For a GMSK FR channel, GMSK speech and FACCH are chain-interleaved across eight consecutive bursts—the even bits of the first four bursts and the odd bits of the second four bursts.  PACCH and MCS1-9 are block-interleaved over all of the bits of four consecutive bursts.  The stealing bits are always block-interleaved over each 20 ms block.  During the Voice State, the stealing bits indicate the contents of the odd bits of the current 20 ms block and the even bits of the previous 20 ms block.  During the Silence State, the stealing bits indicate the contents of the odd and even bits of the current 20 ms block.  Consistent block interleaving of the stealing bits enables more robust state recovery in the case of a missed AMR marker.
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Figure 1.  OSB-TFP/F Interleaving

3.2 Need for state recovery

Previous results [GAHW-121] show the probability of missing an ONSET (or SID_FIRST) marker is not expected to be lower than 0.1% at the 2.5 dB design target. Even though this missed error rate is small, the resulting rate of lost speech could be unacceptable.  For example, with 1 talkspurt every 2 seconds, the probability of an erroneous talkspurt state transition during a 2 minute voice call is 120*0.1 = 12%. This high transition error rate from Silence State to Voice State could result in the loss of entire talkspurts. Similarly, a high state transition error rate from Voice State to Silence State (indicated by a FORCED_SILENCE marker) could result in the loss of entire SIP signaling messages. Therefore, an acceptable state-based detection scheme must facilitate quick detection of erroneous state transitions (i.e., missed ONSET and SID_FIRST) and quick state recovery after a transition error. However, procedures for error detection and recovery should not significantly impact speech quality in the absence of state transition errors.

3.3 Inband signaling options

Performance results given in this section are based on simulation and analysis.  A plot of error rate performance curves for AMR speech, FACCH, PACCH, MCS1-4 headers, and various inband signaling schemes is included in Appendix A.

3.3.1 TCH/AFR baseline

The baseline for the TFP inband signaling performance is that of the TCH/AFR.  For the TCH/AFR, eight stealing bits represent one of two patterns.  The minimum Hamming distance of the two patterns is eight.  For Speech, the pattern is 00000000, and for FACCH, the pattern is 11111111.  At 2.5 dB C/I, the stealing bit error rate (SBER) is 0.4%.  At 5.5 dB C/I, the SBER is 0.07%.

3.3.2 Stateless detection

For stateless detection (i.e., ignoring any state-based design), eight stealing bits represent one of four GMSK stealing bit patterns: Speech, FACCH, PACCH, and MCS1-4.  The best possible minimum Hamming distance for stateless detection is 5 (e.g., 00000000, 10111010, 01011101, and 11100111).  At 2.5 dB C/I, the SBER is 2%, and at 5.5 dB C/I, the SBER is 0.2%.  Stateless detection offers acceptable performance at 5.5 dB C/I (five times better than the corresponding speech error rate).  Stateless detection is not dependent on detecting the AMR markers.

3.3.3 State-based detection with per state exhaustive stealing bit decoding

A previous GERAN contribution presented a two-state (essentially, Voice State and Silence State) detection scheme [GAHW-009].  In the Voice State, eight bits represent one of two stealing bit patterns: Speech (00000000) and FACCH (11111111).  In the Silence State, eight bits indicate one of three patterns: Speech (00000000), PACCH (11111111), and MCS1-4 (00010110). 

In the Silence State, the minimum Hamming distance is three.  In the Silence State, transmission is dominated by MCS1-4.  Thus, a Hamming distance of three dominates the Silence State SBER.  At 2.5 dB C/I, the Silence State SBER is 3%.  At 5.5 dB C/I, the Silence State SBER is 0.3%.  In the Voice State, the Hamming distance is eight, and the SBER is the same as the baseline.

In the Silence State, the receiver always searches for the Speech pattern so that recovery for a missed ONSET is possible.  However, if the stealing bit pattern for ONSET is the same as speech, a missed ONSET most likely corresponds to an erroneous detection of the stealing bits [GAHW-121]—such that recovery occurs on the 20 ms block following a missed ONSET.  Thus, this scheme only offers immediate recovery of a missed ONSET that is followed by Speech, not FACCH.  In this case, the SBER for missed ONSET Recovery is 3% at 2.5 dB C/I and 0.3% at 5.5 dB C/I.

In a Silence State beginning after a missed SID_FIRST marker, this scheme may recover 60 ms later when the first SID_UPDATE occurs. This scheme offers no state recovery for a missed FORCED_SILENCE marker.

3.3.4 State-based detection with limited exhaustive stealing bit decoding

3.3.4.1 Single-tier design

This scheme builds on the concept of a previous GERAN contribution [2g00-080].  As per the previous two schemes, eight bits represent one of four patterns: Speech, FACCH, PACCH, and MCS1-4.  The Hamming distances of the sequence are maximized pair wise according to state.  In the Voice State, the receiver normally searches only for Speech (00000000) or FACCH (11111111).  In the Silence State, the receiver normally searches only for MCS1-4 (10101010) or PACCH (01010101).  If a Speech decoding error occurs (during the Voice State), then on the next 20 ms block, the receiver performs an exhaustive search of all possible stealing bit patterns.  If a PACCH or MCS1-4 header decoding error occurs (during the Silence State), then on the next 20 ms block, the receiver performs an exhaustive search of all possible stealing bit patterns.  Thus, this scheme offers an immediate recovery mechanism for missed SID_FIRST or FORCED_SILENCE preceded by Speech and for missed ONSET followed by Speech or FACCH.

The SBER in the Voice State is dependent on the vocoder FER.  The SBER in the Silence State is dependent on the decoding error of PACCH and the header decoding error of MCS1-4.
 At 2.5 dB C/I with the 4.75 kbps vocoder, the Voice State SBER is 0.4%.  At 5.5 dB C/I with the 7.4 kbps vocoder, the Voice State SBER is 0.07%.  These SBER values correspond to those of the baseline.  The Silence State SBER is 1% and 0.1% for 2.5 dB and 5.5 dB C/I, respectively.

3.3.4.2 Two-tier design

In the Voice State, this scheme has a single tier of stealing bits equivalent to the baseline—i.e., Speech (00000000) and FACCH (11111111).  In the Silence State, this scheme employs two tiers on the DL and one tier on the UL.  The first-tier stealing bits indicate Speech (00000000) or "SomePDTCH" (11111111).  On the DL, eight second-tier stealing bits indicate MCS1-4 (00000000) or PACCH (11111111).  These eight second-tier bits correspond to odd USF bit positions in a 20 ms block [GAHW-033].  On the UL, if the first-tier bits indicated SomePDTCH, then the receiver first attempts MCS1-4 header decoding.  If the header decoding fails, then the receiver attempts PACCH decoding.  Thus, this two-tier scheme does not require any modifications to the UL RLC/MAC headers.

In the Silence State, the receiver only needs to search the second-tier bits (or perform MCS1-4 header decoding on the UL) until a SomePDTCH decoding error occurs.  After a SomePDTCH decoding error, the receiver searches both tiers.  Thus, this scheme offers a very robust recovery mechanism (corresponding to a Hamming distance of eight) for a missed ONSET followed by Speech, not FACCH.  However, if a logical FACCH is allowed over a PACCH [2g00-080], then occurrences of ONSET followed by FACCH can be eliminated.

At all target C/I, the Voice State SBER and the Silence State SBER are equivalent to the baseline performance.  Furthermore, the missed ONSET recovery SBER is also equivalent to the baseline performance!  Thus, this scheme offers no speech quality degradation!

This scheme does not inherently offer a recovery mechanism for a missed FORCED_SILENCE.  However, since MCS1-4 dominates Silence State transmissions, the following Voice State search procedure modification affords a large degree of recovery: 1. the receiver searches for Speech or FACCH, 2. in the 20 ms block following a Speech decoding error, if the stealing bits indicate FACCH, then the receiver first attempts MCS1-4 header decoding (the Speech decoding error may have been due to a missed FORCED_SILENCE marker); if the header decoding fails, then the receiver attempts FACCH decoding.

3.3.4.3 Three-tier design

A previous GERAN contribution presented a detailed method for designing a three-tier stealing bit mechanism [GAHW-033].  Similar to the two-tier design in the previous sub-section, the previously proposed three-tier scheme could benefit from state-based detection.  Additionally, the three-tier scheme has inherent recovery for any scenario of missed SID_FIRST, FORCED_SILENCE, or ONSET markers and performance similar to that of the baseline.

4 Conclusions

The analysis in the previous section is not intended to recommend any one solution over any other solution.  Instead, the previous section is intended to serve as a platform from which TSG GERAN can make an honest evaluation of candidate OSB-TFP inband signaling mechanisms.  Clearly, the options vary in range of standards impact from low to moderate.  Also, each option offers a variety of robustness in the presence of state transition errors.

A decision for the OSB-TFP inband signaling scheme should be based on the following items:

1. the need for a missed ONSET recovery mechanism,

2. the need for a missed FORCED_SILENCE recovery mechanism,

3. the need for a missed SID_FIRST recovery mechanism,

4. the minimum performance requirements for the inband signaling error rate,

5. the minimum performance of a missed ONSET recovery mechanism,

6. the minimum performance of a missed FORCED_SILENCE mechanism, and

7. the minimum performance of a missed SID_FIRST mechanism.

Clearly, a missed ONSET marker degrades voice performance relative to current GSM AMR voice.  Thus, a robust, missed ONSET recovery mechanism is necessary.  Full recovery from any missed ONSET event (e.g., missed ONSET followed by Speech or FACCH) is preferable.  However, the likelihood of a missed ONSET followed by FACCH is low.  Therefore, a missed ONSET recovery mechanism that only offers recovery for a missed ONSET followed by FACCH is probably acceptable.

Real-time delivery of SIP signaling is vital to proper packet voice operation.  Thus, a robust, missed FORCED_SILENCE recovery mechanism is necessary.  Full recovery from any missed FORCED_SILENCE event (e.g., missed FORCED_SILENCE preceded by Speech or FACCH and followed by PACCH or MCS1-4) is preferable.  However, during a talkspurt, the network has full control of the placement of the FORCED_SILENCE marker.  Thus, the network can ensure that a FACCH never precedes a FORCED_SILENCE marker.  A missed FORCED_SILENCE recovery mechanism that only offers recovery for a missed FORCED_SILENCE preceded by Speech is certainly acceptable.  Also, since MCS1-4 is much more probable than PACCH during a Silence State, a missed FORCED_SILENCE recovery mechanism that only offers recovery for a missed FORCED_SILECE followed by an MCS1-4 block is also acceptable.

In a physical multiplexing scenario, a SID_FIRST marker precedes best-effort data.  Three blocks after a SID_FIRST, the AMR procedures mandate the transmission of a SID_UPDATE block.  Thus, a missed SID_FIRST recovery mechanism is preferable but certainly not requisite.

A practical operating point for most networks is 5.5 dB C/I—corresponding to the 1% FER point of the 7.4 kbps AMR vocoder.  However, extreme channel conditions may briefly require the operation of the 4.75 kbps AMR vocoder—in which case, the 1% FER operating point corresponds to 2.5 dB C/I.  In either case, the baseline performance for the Voice State inband signaling and the missed ONSET recovery is the SBER performance (two eight bit code words with Hamming distance eight) for current GSM AMR voice.  The baseline performance for the Silence State inband signaling and the missed FORCED_SILENCE recovery is TBD (but is likely a function of the solution for the Voice State and missed ONSET recovery).

5 Recommendations

Lucent Technologies recommends that TSG GERAN use the analysis presented in this contribution (summarized in Table B. in Appendix B) to reach consensus on an inband signaling mechanism for physical layer multiplexing for R4.  In particular, Lucent Technologies recommends that TST GERAN reach consensus on:

1. the need for a missed ONSET recovery mechanism,

2. the need for a missed FORCED_SILENCE recovery mechanism,

3. the need for a missed SID_FIRST recovery mechanism,

4. the minimum performance requirements for the inband signaling error rate,

5. the minimum performance of a missed ONSET recovery mechanism,

6. the minimum performance of a missed FORCED_SILENCE mechanism,

7. the minimum performance of a missed SID_FIRST mechanism, and 

8. the best inband signaling scheme to full fill the output of items 4-7 above.
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Figure A.  Error rates for stealing bits, speech, and inband signaling.
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Two-tier state-based detection with limited exhaustive decoding
Description:

Two first-tier SB patterns

Speech (00000000)
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Speech (00000000)

SomePDTCH (11111111)
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Three-tier with state-based detection
Description:  Use three tiers with state-based detection.  In the Voice state, only the first tier is used to distinguish Speech or FACCH.  In the Silence state, only the third tier is used to distinguish MCS1-4 or PACCH.  The first two tiers are checked together only on exhaustive decoding after any decoding error.
Full
Full
Full
Strictly better than a three-tier scheme with stateless detection [GAHW-033].  Acceptable performance relative to the baseline with the appropriate number of stealing bits per tier.

Table B.  Summary of the various OSB-TFP inband signaling mechanisms for physical layer multiplexing.


 For HR channels, Speech decisions are made on 20 ms boundaries, and FACCH and PDTCH/PACCH decisions are made on 40 ms boundaries [GAHW-033].


 Since the Silence State is dominated by MCS1-4, the PACCH decoding error is disregarded in the analysis of the Silence State SBER.


 The target operating point for the AMR4.75 is 2.5 dB C/I.  The target operating point for the AMR7.4 is 5.5 dB C/I.  The appropriate class 1a FER is incorporated into the performance characteristics.


 These stealing bit patterns were chosen for minimal standards impact.  However, improved Silence State SBER performance is possible with a better choice of Hamming distance.


 This scheme could implement a missed SID_FIRST/FORCED_SILENCE recovery mechanism similar to the one described for the two-tier scheme.


 The target operating point for the AMR4.75 is 2.5 dB C/I.  The target operating point for the AMR7.4 is 5.5 dB C/I.  The appropriate class 1a FER is incorporated into the performance characteristics.


 If exhaustive stealing bit decoding is done after any Speech or FACCH decoding error, then the SID_FIRST and FORCED_SILENCE recovery is "Full."  However, this added feature will degrade the Voice State SBER.


 Only the DL has a second-tier of stealing bits.  The UL employs exhaustive header decoding [GAHW-033].


 Given that logical FACCH is allowed over PACCH.

� For HR channels, Speech decisions are made on 20 ms boundaries, and FACCH and PDTCH/PACCH decisions are made on 40 ms boundaries [GAHW-033].





� Since the Silence State is dominated by MCS1-4, the PACCH decoding error is disregarded in the analysis of the Silence State SBER.


� The target operating point for the AMR4.75 is 2.5 dB C/I.  The target operating point for the AMR7.4 is 5.5 dB C/I.  The appropriate class 1a FER is incorporated into the performance characteristics.


� These stealing bit patterns were chosen for minimal standards impact.  However, improved Silence State SBER performance is possible with a better choice of Hamming distance.


� This scheme could implement a missed SID_FIRST/FORCED_SILENCE recovery mechanism similar to the one described for the two-tier scheme.


� The target operating point for the AMR4.75 is 2.5 dB C/I.  The target operating point for the AMR7.4 is 5.5 dB C/I.  The appropriate class 1a FER is incorporated into the performance characteristics.


� If exhaustive stealing bit decoding is done after any Speech or FACCH decoding error, then the SID_FIRST and FORCED_SILENCE recovery is "Full."  However, this added feature will degrade the Voice State SBER.


� Only the DL has a second-tier of stealing bits.  The UL employs exhaustive header decoding [GAHW-033].


� Given that logical FACCH is allowed over PACCH.
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