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1 Introduction

GERAN supports multiplexing of optimized speech, low priority data (i.e., best effort), high priority data (i.e., SIP call control), and associated control (FACCH, PACCH, SACCH) on dedicated physical sub-channels. 

The following are working assumptions:

· A physical layer state based design
 that relies on a combination of blind detection, physical layer markers, and stealing bits is used to determine the content of each Radio Block. The physical layer states are:

· SPEECH during which speech or FACCH (or RATSCCH) may be transmitted.

· SILENCE during which low priority data (i.e., PDTCH), PACCH, or SID_UPDATE (or RATSCCH) may be transmitted. SID_UPDATE (and RATSCCH) are indicated through physical layer markers.

· FORCE_SILENCE
 during which high priority data (PDTCH) or PACCH may be transmitted. No transmission of SID_UPDATES (or RATSCCH) occurs in this state.2 

· Transitions between different states are indicated using physical layer markers based on AMR DTX procedures

· A transition from SILENCE or FORCE_SILENCE to SPEECH is indicated using the ONSET markers

· FORCEFORCEA transition from SPEECH to SILENCE is indicated using SID_FIRST or SID_UPDATE.

· A transition from SPEECH to FORCE_SILENCE is indicated using the FORCE_SILENCE marker

· Speech and FACCH are diagonally interleaved.

· Stealing bits indicating speech and FACCH are diagonally interleaved. 

· PDTCH (MCS-1 to MCS-4 in the case of GMSK, MCS-5 to MCS-9 in the case of 8-PSK) and PACCH are block interleaved 

· Stealing bits for PDTCH and PACCH are block interleaved.

· FACCH during SILENCE is transmitted with diagonal interleaving starting with a ONSET and ending with a SID_FIRST marker.

2 Background Information

Both stateless and state-based inband signaling designs are feasible.  However, operation in a degraded channel motivates a state-based design.

The false detection rate of inband signaling for blocks containing speech should be similar to the existing inband signaling error rate (based on 8 stealing bits indicating two patterns with a Hamming distance of 8) at the anticipated worst-case operating point. Thus, the target inband signaling performance should not significantly limit the performance of the 4.75 kbps vocoder. 

There is a need for robust indication of the transition to FORCE_SILENCE since this is used for critical call control information. Thus, a robust SIP detection scheme compensates for missed detection of a FORCE_SILENCE marker.  Similarly, robust indication of Speech motivates the need for state recovery after a missed ONSET marker.  The performance of the missed ONSET recovery mechanism–together with the performance of the ONSET detection scheme–should have a negligible speech impact.

3 Inband Signaling Performance Targets

The requirements for the inband signaling mechanism are as follows:

· Negligible impact to speech performance,

· Negligible impact to high-priority data performance,

· Adequate recovery for missed FORCE_SILENCE marker 

· Adequate recovery for missed SID_FIRST marker, and

· Adequate recovery for missed ONSET marker.

The minimum performance of the inband signaling must be specified and is FFS.

4 Stealing Bit Solutions

This section describes a proposed solution for multiplexing GMSK AMR with high and low priority data on full rate channels. Whether or not the proposed full-rate solutions are extendable to 8-PSK AMR is FFS.

4.1 Transmitter Operation

	State
	GMSK Content
	Stealing Bits
	Data /PACCH Marker
	Interleaving of stealing bits

	SPEECH 
	Speech

FACCH

RATSCCH
	00000000 

11111111
	Not applicable

	Diagonal

	SILENCE 
	GMSK Data

PACCH

SID_UPDATE

RATSCCH


	00010110 (01010101)

11111111 (10101010)5

	DL: USF set to a known pattern

UL:  FFS


	Block

	FORCE_SILENCE
	GMSK Data

PACCH


	00010110 (01010101)5
11111111 (101010105

	DL: USF set to a known pattern

UL:  FFS
	Block


Table 2: Stealing bit usage at the transmitter.

When ONSET is transmitted, the stealing bits with odd bit locations in the corresponding Radio Block are set to zero.

4.2 Receiver Operation

The receiver decoding procedures need not be specified. However, it is necessary to specify minimum performance requirements. The receiver relies on blind detection in order to determine if a burst is modulated using GMSK or 8-PSK. The remainder of this section describes some state-based detection procedures that may be used in order to achieve the in-band signaling performance targets in Section 2.  The list of procedures is not meant to be exhaustive.

4.2.1 Detection of State

The receiver searches for the ONSET, SID_FIRST, SID_UPDATE and FORCE_SILENCE markers to decide state transitions FORCE.  Only a subset of these markers may be valid while in a particular state.

4.2.2 Stealing Bit Detection

The receiver looks for the diagonally interleaved stealing bit patterns corresponding to speech or FACCH while in the SPEECH state. While in the SILENCE or FORCE_SILENCE state, the receiver searches for the block interleaved stealing bit patterns corresponding to GMSK Data, PACCH or the all zero code word.

4.2.3 Recovery on Missed ONSET

The receiver always searches for the block interleaved all zero code word (corresponding to ONSET followed by speech or speech followed by speech) in addition to the stealing bit patterns for GMSK data and PACCH.

4.2.4 Missed SID_FIRST and FORCE_SILENCE Recovery

After a speech frame CRC failure, the receiver looks for the data/PACCH stealing bits and/or marker on the next Radio Block. If the stealing bits and/or marker indicate data or PACCH, then the receiver assumes block interleaved data/PACCH and performs decoding. If decoding is successful the receiver enter SILENCE or FORCE_SILENCE state. If a header or data decoding error occurs, then the receiver reverts to the SPEECH state.

4.2.5 Speech Impact Due to the Missed SID_FIRST and FORCE_SILENCE Recovery Mechanism

While in the SPEECH state–at a 1% FER, the minimum distance is 8 for 99% of the speech frames. However, 1% of the speech frames may be in error. On a block following a speech frame error, the average minimum distance of the data/PACCH stealing bits and marker detection corresponds to an average minimum distance of half the length of the data/PACCH marker plus the minimum distance of the SILENCE state stealing bit patterns. The impact on speech is negligible.

5 Open Issues

The following issues are FFS:

· Multiplexing low and high priority data with 8-PSK speech

· Half Rate and quarter rate channels

· Transmitting FACCH payload over PACCH and vice versa 

· UL MCS/PACCH marker design (Use of spare bits).

· A transition from FORCE_SILENCE to SILENCE can occur only by transitioning to SPEECH first. Whether a direct transition from FORCE_SILENCE to SILENCE can occur is FFS.  This decision will not affect the physical layer performance.

· A transition from SILENCE to FORCE_SILENCE can occur only by transitioning to SPEECH first. Whether a direct transition from SILENCE to FORCE_SILENCE can occur is FFS.  If a direct transition is allowed, then whether the transmission of SID_UPDATE continues is FFS.  These decisions will not affect the physical layer performance.  

· Minimum performance for inband signaling and recovery mechanisms.

· If the network is allowed to transmit a FACCH immediately before a FORCE_SILENCE marker.

Appendix A

The following figures present state transition and missed state transition recovery scenarios.
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a) A correctly detected SID_FIRST marker results in no loss of BED.
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b) A missed SID_FIRST recovery via SID_UPDATE is possible.
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c) A speech decoding error may correspond to a missed SID_FIRST marker.

  

After a speech 

decoding error, the RX can search for the data/PACCH marker and/or the stealing bits to aid in 

recovery.

 

 

Figure A.1.  Scenarios for SID_FIRST.
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a) A correctly detected FORCE_SILENCE marker results in no loss of BED.
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b) A missed FORCE_SILENCE recovery via SID_UPDATE is 

not 

possible.
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c) A speech decoding error may correspond to a missed FORCE_SILENCE marker.  After a speech 

decoding error, the RX can search for the data/PACCH marker and/or the stealing bits to aid in 

recovery.
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d) During the Radio Block following a speech decoding error, a RX using the data/PACCH marker 

and/or stealing bits for missed FORCE_SILENCE recovery will search the Radio Block assuming 

data and stealing bits are bl

ock

-

interleaved.

 

 

Figure A.2.  Scenarios for FORCE_SILENCE.
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a) A correctly detected ONSET marker results in no loss of speech.
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b) A missed ONSET can result in a lo

ss of speech.  However, recovery is possible when the all zeros 

block

-

interleaved stealing bit codeword is detected.

 

 

Figure A.3.  Scenarios for ONSET.

 


� These may not directly correspond to the AMR vocoder states.


� If the network needs to send FACCH during SILENCE or FORCE_SILENCE, then the network first sends an ONSET, thus causing a state transition to SPEECH.


� A more appropriate term may be MUTE.


� There are no bits available to insert a Data/PACCH marker while transmitting speech. Therefore, the marker bit positions correspond to a sequence of 12 random speech bits and a minimum distance of 6 is expected for the marker on the average. 


� Wheter the existing stealing bits should be changed is FFS. 
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