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Lucent Technologies�Multiplexing EGPRS Data with an Optimized Speech Bearer��Introduction

Operational Scenarios 1 and 2 for the support of optimized speech in GERAN R4 require the ability to multiplex speech and SIP call control over a dedicated physical sub-channel (DPSCH). The optimized speech bearer (OSB) employs an uplink/downlink channel pair—each with a dedicated MAC for a single user.  No other users need to be multiplexed on the same PSCH.

Speech and FACCH are diagonally interleaved as for the current GSM TCH.  In addition to speech and FACCH, SIP call control messages can occur during talk spurts.  The size of SIP messages is often quite lengthy [1][2].  If SIP messages are conveyed only via FACCH, then these lengthy messages blank a large number of speech frames.  Under good channel conditions, the transmission of SIP messages via MCS schemes (with a payload larger than FACCH) reduces the number of blanked speech frames.  MCS schemes are defined using block interleaving over a PDTCH.



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

Optimized speech can be supported on a DPSCH by using one of the four logical channel listed in Table 1. Each of these channel combinations—TF and TFP—requires an inband signaling mechanism (preferably detectable at the physical layer).  The current inband signaling mechanism for TCH or PDTCH uses 8 stealing bits (SBs).  Each burst contains 2 SBs.  For a FR channel containing a TCH, one SB per burst—over the 8 bursts (40 ms) containing a single speech frame—contributes to signaling one of two “states”: speech (00000000) or FACCH (11111111).  The TCH SBs employ diagonal (chain) interleaving.  For a FR channel containing a PDTCH, eight consecutive SBs in one physical block (20 ms) determine one of four states for GMSK (CS1, CS2, CS3, {CS4, MCS1-4}) or one of two states for 8PSK (MCS5-6, MCS7-9).  The PDTCH SBs employ block interleaving.

Inband Signaling Performance Targets

For both GMSK FR and 8PSK HR, 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 dB C/I [8].  The 1% FER point for 8PSK HR speech corresponds to ~11 dB C/I [7][8]. 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 [3]).  Thus, the minimum practical AMR vocoder rate for GMSK FR speech is 7.4 kb/s.  For 8PSK HR, the vocoder voice quality limits the minimum operating point.  For the 1% FER operating range of the 8PSK HR 7.4 kb/s vocoder, the 8PSK FACCH BLER is acceptable [6].

The false detection rate for TF or TFP in-band signaling should be four to five times less than the speech frame error rate at the minimum anticipated operating point. Thus, the target in-band signaling performance is ~0.2% at 5 dB for a FR channel and at 11 dB for a HR channel. Such an in-band signaling false detection rate has a minimal impact on speech quality.  Any better false detection rate is unnecessary. The relative in-band signaling false detection rate target with respect to PDTCH BLER is more stringent (at least 40 to 50 times less) than for speech since PDTCH can typically operate at much higher BLER. The target indicated above for speech meets this requirement. 

Stealing Bit Solutions

GMSK FR speech, 8PSK FR wide-band AMR speech, GMSK HR speech, and 8PSK HR speech scenarios are considered in the following solutions.  In order to efficiently support SIP call control messages, the TFP in-band signaling mechanism must robustly convey more combinations than simply Speech and FACCH.  For both FR and HR channels, all speech detection decisions are made on 20 ms boundaries.  For FR channels, all FACCH and PDTCH/PACCH decisions are made on 20 ms boundaries.  For HR channels, FACCH and PDTCH/PACCH decisions are made on 40 ms boundaries.

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.  For an 8PSK FR channel, 8PSK speech and 8PSK-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.



�0�1�2�3�…�frame number���…�1�1�1�1�F�F�F�F�3�3�3�3�����EGPRS block�…���0�0�0�0�1�1�1�1�F�F�F�F�3�3�3�3�����20ms�20ms�20ms�20ms�20ms���Figure 1.  OSB-TFP/F Interleaving



An example of interleaving for a HR DL channel is given in Figure 2, and an example of interleaving for a HR UL channel is given in Figure 3.  For a GMSK HR channel, GMSK speech is chain-interleaved across four consecutive bursts—the even bits of the first two bursts and the odd bits of the second two bursts.  FACCH is chain-interleaved across six consecutive bursts—the even bits of the first four bursts and the odd bits of the last four bursts.  PACCH and MCS1-9 are block-interleaved over all of the bits of four consecutive bursts.  For an 8PSK HR channel, 8PSK speech is chain-interleaved across four consecutive bursts—the even bits of the first two bursts and the odd bits of the second two bursts.  8PSK-FACCH is chain-interleaved across six consecutive bursts—the even bits of the first four bursts and the odd bits of the last four bursts.  PACCH and MCS1-9 are block-interleaved over all of the bits of four consecutive bursts. 



�0�2�4�6�…�frame number���…�1�1�F�F�F�F�4�4�5�5���EGPRS block�…���0�0�1�1�F�F�F�F�4�4�5�5�����40ms�40ms�40ms�40ms���

Figure 2.  OSB-TFP/H DL Interleaving



�0�2�4�6�…�frame number���…�1�1�2�2�F�F�F�F�5�5���EGPRS block�…���0�0�1�1�2�2�F�F�F�F�5�5�����40ms�40ms�40ms�40ms���

Figure 3.  OSB-TFP/H UL Interleaving



GMSK OSB-TFP/F

The optimum implementation of the GMSK TFP/F supports Speech, FACCH, PACCH, and MCS1-9 data.  Both logical control channels and each MCS scheme carry SIP signaling.  SIP message size, the quality of the channel, and the impact to speech quality� determine the choice of logical transport.  Blind detection of the modulation distinguishes MCS5-9 from the GMSK states.  MCS5-6 and MCS7-9 are distinguished via the existing R99 mechanism.

It is difficult to meet the performance targets in Section 2 through a “stateless” design where all the stealing bit patterns are equally protected and block interleaved. In order to meet the performance targets, GMSK TFP/F implements a three-tier in-band signaling process.  The first two tiers rely on SBs to distinguish states.  The third tier uses stealing bits on the DL and exhaustive header decoding on the UL.  For a GERAN capable BTS, the complexity of exhaustive GMSK header decoding to determine one of two states (for only a fraction of the received physical blocks) is trivial compared to the complexity of a single pass of the 8PSK RX chain.  The GMSK TFP/F three-tier scheme distinguishes among four states: Speech, FACCH, PACCH, and MCS1-4.

Seven of the existing eight SBs distinguish Speech from “EverythingElse”.  If the SBs indicate EverythingElse, then seven more SBs (six new SBs plus one of the eight existing SBs) distinguish between FACCH and “SomePDTCH”.  If the second tier of SBs indicate SomePDTCH, then the remaining procedure depends on the link direction.  For the DL, six more (new) SBs distinguish between PACCH and PDTCH.  For the UL, the RX attempts to decode a GMSK MCS header from the SomePDTCH block.  If the MCS header decoding fails, then the RX decodes the block as a PACCH.  A summary of the GMSK TFP/F three-tier in-band signaling scheme is given in Table 2.



Option�1st-tier�2nd-tier�3rd-tier��Speech�0000000�N/A�N/A��FACCH�1111111�0000000�N/A��MCS1-4�1111111�1111111�000000 (DL) 

exhaustive header decoding (UL)��PACCH�1111111�1111111�111111 (DL)

exhaustive header decoding (UL)��Table2:  GMSK OSB-TFP/F Three-tier Inband Signaling Scheme



The SBs employ block interleaving.  If the SBs indicate Speech or FACCH, then the contents of the odd bits of the current physical block and the even bits of the previous physical block are chain-interleaved Speech or FACCH, respectively.  This interleaving scheme is a "look-behind" scheme.  If the SBs indicate MCS1-4 or PACCH, then all of the contents of the current physical block are MCS1-4 or PACCH, respectively.

For MCS1-4 and PACCH, twelve free USF bits are available on the DL.  Eight of these free USF bits have odd bit locations—four on the first two bursts and four on the second two bursts.  The remaining four free USF bits have even bit locations.  These USF bit locations are central to this three-tier stealing bit scheme.  All second-tier SBs occupy odd bit locations such that look-behind block interleaving adequately distinguishes between FACCH and MCS1-4/PACCH.  Thus, the second tier can have at most eight SBs (within the context of using available bits).  The third tier can use the remaining free USF bits not used by the second tier. 

For MCS1-4 and PACCH, the six second-tier SBs are taken from free USF bits with odd bit locations.  For FACCH, the six second-tier SBs are obtained by puncturing/stealing bits in these same locations.  Thus, the second-tier SBs always correspond to the odd bits of a physical block—such that FACCH with chain interleaving is distinguishable from MCS1-4 or PACCH with block interleaving.  The third-tier bits (for MCS1-4 and PACCH) are taken from the remaining free USF bits.

The UL RLC data block header contains no USF bits but does contain spare bits.  Bit reordering of the UL RLC data block header� allows the UL solution to be identical to the DL solution for the first two tiers.  Thus, for MCS1-4 the six second-tier SBs are taken from (reordered) free spare bits in the UL (with odd bit locations).  Since the PACCH UL RLC/MAC header has no spare bits�, the six PACCH and FACCH second-tier SBs are obtained by puncturing/stealing bits in the same locations as for MCS1-4.  On the UL, the third-tier implements exhaustive header decoding to distinguish between PACCH and MCS1-4—avoiding further degradation of the UL PACCH.

The performance trade-off due to adjusting the number of bits per tier is for further study.

8PSK OSB-TFP/F

The optimum implementation of the 8PSK TFP/F supports Speech, 8PSK-FACCH, PACCH, and MCS1-9 data.  Both logical control channels and each MCS scheme can carry SIP signaling.  SIP message size, the quality of the channel, and the impact to speech quality determine the choice of logical transport.  Blind detection of the modulation distinguishes MCS1-4 and PACCH from the 8PSK states.  MCS1-4 and PACCH are distinguished via the existing R99 mechanism.

8PSK TFP/F also implements a three-tier inband signaling process.  All three tiers rely on SBs.  The 8PSK TFP/F three-tier scheme distinguishes among four states: Speech, 8PSK-FACCH, MCS5-6, and MCS7-9.

Sixteen SBs (the eight existing SBs plus eight new SBs) distinguish Speech from “EverythingElse”.  If the first-tier SBs indicate EverythingElse, then ten more bits distinguish between 8PSK-FACCH and “SomePDTCH”.  If the second tier of SBs indicate SomePDTCH, then six more bits distinguish between MCS5-6 and MCS7-9.  A summary of the 8PSK TFP/F three-tier in-band signaling scheme is given in Table 3.



Option�1st-tier�2nd-tier�3rd-tier��Speech�0000000000000000�N/A�N/A��8PSK-FACCH�1111111111111111�0000000000�N/A��MCS5-6�1111111111111111�1111111111�000000��MCS7-9�1111111111111111�1111111111�111111��Table 3:  8PSK OSB-TFP/F Three-tier Inband Signaling Scheme



The SBs employ block interleaving.  If the SBs indicate Speech or 8PSK-FACCH, then the contents of the odd bits of the current physical block and the even bits of the previous physical block are chain-interleaved Speech or 8PSK-FACCH, respectively.  This interleaving scheme is a "look-behind" scheme.  If the SBs indicate MCS5-6 or MCS7-9, then all of the contents of the current physical block are MCS5-6 or MCS7-9, respectively.

For MCS5-9, thirty-six free USF bits are available on the DL.  Sixteen of these free USF bits have odd bit locations—eight on the first two bursts and eight on the second two bursts.  The remaining twenty free USF bits have even bit locations.  These USF bit locations are central to the 8PSK-TFP/F three-tier stealing bit scheme. All second-tier SBs occupy odd bit locations such that look-behind block interleaving of the SBs adequately distinguishes between 8PSK-FACCH and MCS5-9.  Thus, the second tier can have at most sixteen SBs (within the context of using available bits).  Since the 8PSK speech and FACCH are TBD—and assuming that all GERAN normal bursts contain two SBs per burst, the sum total of the first and third tiers can be at most 8+36-x, where x is the number of second tier bits (and x < 16).

For MCS5-9, the extra eight first-tier SBs and the six third-tier SBs are taken from the free USF bits with even bit locations.  The ten second-tier SBs are taken from free USF bits with odd bit locations.  For 8PSK speech and FACCH, the extra first-tier SBs must be "built-in."  These first-tier SBs must match the even bit locations of the first-tier SBs in MCS5-9.  The second-tier SBs for 8PSK-FACCH must match the odd bit locations of the second-tier SBs in MCS5-9.  The odd bit locations of the second-tier SBs allows optimal detection between 8PSK-FACCH and MCS5-9.

The UL 8PSK RLC data block headers contain no USF bits but do contain spare bits.  Bit reordering of the UL RLC data block headers� allows the UL solution to be identical to the DL solution.  

The performance trade-off due to adjusting the number of bits per tier is for further study.

GMSK OSB-TFP/H

The optimum implementation of the GMSK TFP/H supports Speech, FACCH, PACCH, and MCS1-9 data.  Both logical control channels and each MCS scheme carry SIP signaling.  SIP message size, the quality of the channel, and the impact to speech quality determine the choice of logical transport.  Blind detection of the modulation distinguishes MCS5-9 from the GMSK states.  MCS5-6 and MCS7-9 are distinguished via the existing R99 mechanism.

The primary difference between GMSK TFP/F and GMSK TFP/H is the number of first-tier SBs.  GMSK TFP/H has only four normal burst, first-tier SBs with which to distinguish Speech from "EverythingElse".  In order to minimize speech play out delay, the GMSK TFP/H SB decisions for Speech occur every 20 ms. Thus, the first-tier SB false detection rate for GMSK TFP/H is worse than for GMSK TFP/F.  However, all second-tier and third-tier SB properties remain the same as for GMSK TFP/F.

GMSK TFP/H implements a three-tier inband signaling process.  The first two tiers rely on SBs to distinguish states.  The third tier uses stealing bits on the DL and exhaustive header decoding on the UL.  For a GERAN capable BTS, the complexity of exhaustive GMSK header decoding to determine one of two states (for only a fraction of the received physical blocks) is trivial compared to the complexity of a single pass of the 8PSK RX chain.  The GMSK TFP/H three-tier scheme distinguishes among four states: Speech, FACCH, PACCH, and MCS1-4.

The four existing SBs distinguish Speech from EverythingElse.  If the SBs indicate EverythingElse, then seven more SBs (six new SBs) distinguish between FACCH and “SomePDTCH”.  If the second tier of SBs indicate SomePDTCH, then the remaining procedure depends on the link direction.  For the DL, six more (new) SBs distinguish between PACCH and PDTCH.  For the UL, the RX attempts to decode a GMSK MCS header from the SomePDTCH block.  If the MCS header decoding fails, then the RX decodes the block as a PACCH.  A summary of the GMSK TFP/H three-tier in-band signaling scheme is given in Table 4.



Option�1st-tier�2nd-tier�3rd-tier��Speech�0000�N/A�N/A��FACCH�1111�0000000�N/A��MCS1-4�1111�1111111�000000 (DL) 

exhaustive header decoding (UL)��PACCH�1111�1111111�111111 (DL)

exhaustive header decoding (UL)��Table 4:  GMSK OSB-TFP/H Three-tier Inband Signaling Scheme



GMSK TFP/H SBs employ block interleaving.  At 20 ms decision boundaries, if the SBs indicate Speech, then the contents of the odd bits of the current two bursts and the even bits of the previous two bursts are chain-interleaved Speech.  This interleaving scheme is a "look-behind" scheme.  If the SBs indicate EverythingElse, then all the bits in the current two bursts are held until the next 20 ms decision boundary—when the receiver has enough information to distinguish among FACCH, PACCH, and MCS1-4.  At the next 20 ms boundary, if the first-tier stealing bits still indicate EverythingElse, then the second-tier SBs indicate FACCH or SomePDTCH.  Valid transitions are Speech to FACCH, Speech to SomePDTCH, SomePDTCH to Speech, and FACCH to SomePDTCH.  SomePDTCH to FACCH is an invalid transition.

For MCS1-4 and PACCH, twelve free USF bits are available on the DL.  Eight of these free USF bits have odd bit locations—four on the first two bursts and four on the second two bursts.  The remaining four free USF bits have even bit locations—two on the first two bursts and two on the second two bursts.  These USF bit locations are central to this three-tier stealing bit scheme.  In four consecutive bursts (on a TFP/H), all second-tier SBs occupy even bit locations in the first two bursts or odd bit locations in any of the four bursts corresponding to free USF bit locations.  Thus, the second tier can have at most ten SBs (within the context of using available bits).  The third tier can use the remaining free USF bits not used by the second tier. 

For uniformity with the GMSK TFP/F, the six second-tier SBs for MCS1-4 and PACCH are taken from free USF bits with odd bit locations.  For FACCH, the six second-tier SBs are obtained by puncturing/stealing bits in these same locations.  Thus, the second-tier SBs always correspond to the odd bits of a physical block—such that FACCH with chain interleaving is distinguishable from MCS1-4 or PACCH with block interleaving.  The third-tier bits (for MCS1-4 and PACCH) are taken from the remaining free USF bits.

The UL RLC data block header contains no USF bits but does contain spare bits.  Bit reordering of the UL RLC data block header� allows the UL solution to be identical to the DL solution for the first two tiers.  Thus, for MCS1-4 the six second-tier SBs are taken from (reordered) free spare bits in the UL (with odd bit locations).  Since the PACCH UL RLC/MAC header has no spare bits�, the six PACCH and FACCH second-tier SBs are obtained by puncturing/stealing bits in the same locations as for MCS1-4.  On the UL, the third-tier implements exhaustive header decoding to distinguish between PACCH and MCS1-4—avoiding further degradation of the UL PACCH.

The performance trade-off due to adjusting the number of bits per tier is for further study.

8PSK OSB-TFP/H

The optimum implementation of the 8PSK TFP/H supports Speech, 8PSK-FACCH, PACCH, and MCS1-9 data.  Both logical control channels and each MCS scheme can carry SIP signaling.  SIP message size, the quality of the channel, and the impact to speech quality determine the choice of logical transport.  Blind detection of the modulation distinguishes MCS1-4 and PACCH from the 8PSK states.  MCS1-4 and PACCH are distinguished via the existing R99 mechanism.

The primary difference between 8PSK TFP/F and 8PSK TFP/H is the number of bits available for encoding speech.  Thus, the 8PSK TFP/H solution limits the number of first-tier SBs to 8 every 20 ms (or four SBs in every normal burst).  In order to minimize speech play out delay, the 8PSK TFP/H SB decisions for Speech occur every 20 ms.  However, all second-tier and third-tier SB properties remain the same as for 8PSK TFP/F.

8PSK TFP/H also implements a three-tier inband signaling process.  All three tiers rely on SBs.  The 8PSK TFP/H three-tier scheme distinguishes among four states: Speech, 8PSK-FACCH, MCS5-6, and MCS7-9. Eight SBs (the four regular normal burst SBs plus four new SBs) distinguish Speech from “EverythingElse”.  If the first-tier SBs indicate EverythingElse, then ten more bits distinguish between 8PSK-FACCH and “SomePDTCH”.  If the second tier of SBs indicate SomePDTCH, then six more bits distinguish between MCS5-6 and MCS7-9.  A summary of the 8PSK TFP/F three-tier in-band signaling scheme is given in Table 5.



Option�1st-tier�2nd-tier�3rd-tier��Speech�00000000�N/A�N/A��8PSK-FACCH�11111111�0000000000�N/A��MCS5-6�11111111�1111111111�000000��MCS7-9�11111111�1111111111�111111��Table 5:  8PSK OSB-TFP/H Three-tier Inband Signaling Scheme



8PSK TFP/H SBs employ block interleaving.  At 20 ms decision boundaries, if the SBs indicate Speech, then the contents of the odd bits of the current two bursts and the even bits of the previous two bursts are chain-interleaved Speech.  This interleaving scheme is a "look-behind" scheme.  If the SBs indicate EverythingElse, then all the bits in the current two bursts are held until the next 20 ms decision boundary—when the receiver has enough information to distinguish among 8PSK-FACCH, MCS5-6, and MCS7-9.  At the next 20 ms boundary, if the first-tier stealing bits still indicate EverythingElse, then the second-tier SBs indicate 8PSK-FACCH or SomePDTCH.  Valid transitions are Speech to 8PSK-FACCH, Speech to SomePDTCH, SomePDTCH to Speech, and 8PSK-FACCH to SomePDTCH.  SomePDTCH to 8PSK-FACCH is an invalid transition.

For MCS5-9, thirty-six free USF bits are available on the DL.  Sixteen of these free USF bits have odd bit locations—eight on the first two bursts and eight on the second two bursts.  The remaining twenty free USF bits have even bit locations—ten on the first two bursts and ten on the second two bursts.  These USF bit locations are central to the 8PSK-TFP/H three-tier stealing bit scheme.  In four consecutive bursts (on a TFP/H), all second-tier SBs occupy even bit locations in the first two bursts or odd bit locations in any of the four bursts corresponding to free USF bit locations.  

For uniformity with the 8PSK TFP/F, the extra four first-tier SBs and the six third-tier SBs for MCS5-9 are taken from the free USF bits with even bit locations.  The six second-tier SBs are taken from free USF bits with odd bit locations.  For 8PSK speech and FACCH, the extra first-tier SBs must be "built-in."  These first-tier SBs must match the even bit locations of the first-tier SBs in MCS5-9.  The second-tier SBs for 8PSK-FACCH must match the odd bit locations of the second-tier SBs in MCS5-9.  The odd bit locations of the second-tier SBs allows detection between 8PSK-FACCH and MCS5-9.

The UL 8PSK RLC data block headers contain no USF bits but do contain spare bits.  Bit reordering of the UL RLC data block headers� allows the UL solution to be identical to the DL solution.  

The performance trade-off due to adjusting the number of bits per tier is for further study.

Legacy Transceivers

The OSB-TF/F exists for legacy BTS transceivers that do not have sufficient memory to facilitate software upgrades to the GMSK OSB-TFP/F.  In this case, the existing eight SBs indicate Speech (00000000) or FACCH (11111111).  Transmission of most SIP call control messages is not efficient—but plausible.  Furthermore, the FACCH is left as currently implemented.  The choice of TF or TFP is negotiated at RB setup.

Alternative Solutions

Dynamic Slot Allocation

One alternative (or supplemental) solution to the OSB-TFP is dynamic slot allocation (DSA). DSA implies the allocation of different RBs to different channels, including two HR channels in the same TS. In these instances, the network uses a timeslot reconfigure message (1) to move the OSB to a HR channel and (2) to setup a PDTCH/H for SIP and ack/nack messaging.  

A DSA solution is available within the scope of the GERAN R4 stage 2 description [5].  However, a DSA solution harbors a few disadvantages.  Speech quality degradation can occur in poor channel conditions.  Furthermore, the use of a PDTCH/H for SIP requires twice the transaction time of a TFP/F.  

Additional Normal Burst Training Sequences

A second alternative solution to the OSB-TFP is the addition of normal burst training sequences (TSCs).  Eight additional TSCs—one paired with each current TSC—with comparable properties to the existing TSCs can signal a change of state.  The existing eight SBs are sufficient to signal the remaining choices.  An example detection scenario is given in Figure 4. The performance of a training sequence based approach is FFS. 

�

Figure 4.  An Example In-band-Signaling Scheme with New TSCs.

State Based Design [9]

A third alternative to the OSB-TFP is a state based approach that was proposed earlier by Lucent [9]. In this case, different stealing bit combinations apply depending on whether the current state is speech (i.e., middle of a talkspurt) or silence. The transition to silence is detected through a modified SID first procedure. It is straightforward to extend this technique for multiplexing SIP call control during a talkspurt. 

Simulation Results

Simulations were carried out to assess the performance of the proposed multi-tier in-band signaling scheme for identifying the content of each Radio Block. The simulation assumptions are as follows: 

Stealing bit patterns corresponding to different logical channel types are generated with equal probability.

Noise limited environment is assumed.

TU3 channel with ideal frequency hopping is assumed.

Ideal blind-detection indicating modulation type is assumed.

For GMSK only two tiers are included for decoding.  Ideal decoding is assumed for the third tier. 



Figure 5 shows the false detection rate with the multi-tier in-band signaling scheme for GMSK FR OSB-TFP/F. The results show performance significantly better (4 to 5 times lower error rate) than the target. 



�

Figure 5.  Word error rate for GMSK OSB-TFP/F.



Conclusions and Recommendations

Logical channel combinations of TCH, FACCH, SACCH, PDTCH, and PACCH are proposed for the support of optimized speech.  Performance targets for in-band signaling false detection rates are suggested, and robust  multi-tier in-band signaling schemes are proposed for both FR and HR bearers. 

The proposed GMSK FR scheme uses 14 stealing bits in two tiers and exhaustive header decoding in the third tier.  The computational expense of exhaustive GMSK header decoding to distinguish between PACCH and MCS1-4 is insignificant relative to the complexity of a single-pass 8PSK GERAN receiver.  The mechanism supports GMSK speech, FACCH, GMSK PDTCH, PACCH, and 8PSK PDTCH. Simulations show that the false detection performance of the proposed scheme is considerably better than the requirement established in Section 2. 

The proposed 8PSK HR scheme uses 21 stealing bits in three tiers.  The mechanism supports 8PSK speech, 8PSK FACCH, 8PSK PDTCH, PACCH, and GMSK PDTCH.  

Lucent recommends that the proposed design be adopted in GERAN R4. 
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Appendix A



GMSK OSB-TFP SB solution

The GMSK uplink RLC data block header format for MCS1-4 is given in Figure A.1.  For TFP, the PI and RSB bits (shaded) are unnecessary.  Thus, the UL header fields are reordered according to Figure A.2.  The first three "spare" bits of the reordered UL header is block coded into twelve bits.  These twelve bits are harvested for SBs in the same way the free USF bits are harvested on the DL.  The remainder of the reordered UL header block is encoded, punctured, and interleaved exactly as for the DL as specified in sections 5.1.5 through 5.1.8 of 05.03.



Bit���8�7�6�5�4�3�2�1�Octet��TFI�Countdown Value�SI�R�1��BSN1�TFI�2��CPS�BSN1�3���Spare�PI�RSB�SPB�CPS�4��

Figure A.1. EGPRS uplink RLC data block header for MCS1-4.



Bit���8�7�6�5�4�3�2�1�Octet��Countdown Value�SI�R�Spare�1��BSN1�TFI�CV�2��BSN1�3���SPB�CPS�BSN1�4��

Figure A.2.  Reordered EGPRS uplink RLC data block header for MCS1-4.



Appendix B



8PSK OSB-TFP SB solutions

The 8PSK EGPRS uplink RLC data block header formats for MCS7-9 and MCS5-6 are given in Figure B.1 and Figure B.2, respectively.  For TFP, the PI and RSB bits (shaded) are unnecessary.  Thus, the UL header fields are reordered according to Figure B.3 and B.4.  The first three "spare" bits of the reordered UL header blocks are block coded into thirty-six bits.  These thirty-six bits will be harvested for SBs in the same way the free USF bits are harvested on the DL.  The remainder of the reordered UL header blocks are encoded, punctured, and interleaved exactly as for the DL as specified in sections 5.1.9 through 5.1.13 of 05.03.



Bit���8�7�6�5�4�3�2�1�Octet��TFI�Countdown Value�SI�R�1��BSN1�TFI�2��BSN2�BSN1�3��BSN2�4��Spare�PI�RSB�CPS�5����Spare�6��

Figure B.1. EGPRS uplink RLC data block header for MCS-7, MCS-8 and MCS-9



Bit���8�7�6�5�4�3�2�1�Octet��TFI�Countdown Value�SI�R�1��BSN1�TFI�2��CPS�BSN1�3��Spare�PI�RSB�CPS�4���Spare�5��

Figure B.2. EGPRS uplink RLC data block header for MCS-5 and MCS-6.



Bit���8�7�6�5�4�3�2�1�Octet��Countdown Value�SI�R�Spare�1��BSN1�TFI�CV�2��BSN1�3��BSN2�BSN1�4��CPS�BSN2�5��

Figure B.3. Reordered EGPRS uplink RLC data block header for MCS7-9 for OSB-TFP.



Bit���8�7�6�5�4�3�2�1�Octet��Countdown Value�SI�R�Spare�1��BSN1�TFI�CV�2��BSN1�3������CPS�BSN1�4��

Figure B.4. Reordered EGPRS uplink RLC data block header for MCS5-6 for OSB-TFP.





�For example, if the message size warrants either FACCH or PACCH, then FACCH is chosen so that only one speech frame is blanked.

� Necessary UL RLC data block header modifications for GMSK OSB-TFP are given in Appendix A.

� PACCH uses the CS1 RLC/MAC header.

� Necessary UL RLC data block header modifications for 8PSK OSB-TFP are given in Appendix B.

� Necessary UL RLC data block header modifications for GMSK OSB-TFP are given in Appendix A.

� PACCH uses the CS1 RLC/MAC header.

� Necessary UL RLC data block header modifications for 8PSK OSB-TFP/F are given in Appendix B.
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