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1 Introduction

GERAN Operational Scenario 2 (OS2) requires the ability to multiplex a user’s speech and best-effort data on a dedicated physical sub-channel. References [1], [2] and [3] discuss possible approaches to providing this capability.

This contribution examines the issue and outlines an OS2 multiplexing scheme keeping in mind the twin requirements of maintaining speech quality and design simplicity. In addition, although OS2 itself is not being considered for legacy transceivers, the proposal does not preclude legacy transceiver support through other means.

2 Background

References [1] and [2] contain detailed descriptions of the stealing bit and modulation-based multiplexing schemes currently supported in GSM and (E)GPRS. They also describe in detail the design considerations and issues associated with OS2 multiplexing. In brief, the current multiplexing schemes support multiplexing within either a purely GSM (TCH) or purely (E)GPRS (PDTCH) physical sub-channel. The challenge in OS2 is to support multiplexing in a dedicated physical sub-channel that carries both GSM TCH and (E)GPRS PDTCH traffic but with the same stealing bits and without impacting stealing bit and voice performance.

3 OS2 Multiplexing Requirements

1. No degradation of the speech quality and therefore also no degradation in the stealing bit performance

2. Specification and implementation simplicity: no changes to current stealing bit design or existing channel coding

3. Best-effort data performance is secondary to that of speech

4. Should not preclude legacy transceiver support

5. Should be capable of supporting delay-critical interactive data

4 Proposal

The main idea of the proposal is to use the already defined AMR procedures for DTX operation to place the receiver in one of three states, ‘Speech’, ‘No Speech’ or ‘Speech Possible’. Within the Speech state the receiver follows the normal TCH procedures for speech, while in the No Speech state it follows (E)GPRS and AMR DTX comfort noise generation procedures. The Speech Possible state handles FACCH/RATSCCH frames and in addition follows AMR DTX comfort noise generation procedures in the silent period. 

With reference to Figure 1, Table 1 and Figure 2, the receiver states are defined as follows:

Speech: 
In this state a 26-multiframe TCH logical channel structure is mapped to the dedicated physical subchannel in exactly the same manner as for AMR full-rate and half-rate circuit voice with one difference: the receiver transitions to the NO Speech state upon reception of a SID frame (SID_FIRST, SID_UPDATE or SID_BAD). Data and stealing bits are treated as diagonally interleaved.

No Speech: 
In this state a 104-multiframe TCH SACCH logical channel structure is mapped to the dedicated physical subchannel. The receiver handles SACCH frames and performs comfort noise generation per normal procedures. Thus, each non-SACCH 4-burst block of the 104-multiframe is handled as a (E)GPRS PDTCH/PACCH block in exactly the same manner as for (E)GPRS but with one difference: every received 4-burst block undergoes normal (E)GPRS processing only after verifying that it does not contain a SID_UPDATE or ONSET frame. Otherwise, the block is processed accordingly and the receiver continues in the No Speech state (SID_UPDATE) or transfers to the Speech Possible state (ONSET, new stealing bit pattern). Thus, SACCH and FACCH operation follow normal AMR TCH procedures and therefore all related functionality (handover, timing advance, power control etc.) also follows already-defined TCH procedures. Data and stealing bits are treated as block interleaved.

Speech Possible: 
In this state the receiver follows DTX comfort noise mode procedures and transitions to the Speech state upon reception of a speech frame or returns to the No Speech state upon reception of a SID frame, SPEECH_BAD or NO_DATA. Data and stealing bits are treated as diagonally interleaved.
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Figure 1. OS2 Multiplexing State Diagram

The relevant AMR frames are listed below with a brief description. The details of AMR DTX operation can be found in[4].

The following frame types are defined separately for AMR full-rate and AMR half-rate speech:

SID_FIRST
Marker to define end of speech, start of DTX

SID_UPDATE
Used to convey comfort noise parameters during DTX

ONSET
Used to signal the Codec mode for the first speech frame after DTX

The following additional frame types are defined for half-rate speech:

SID_FIRST_P1
First part of marker to define end of speech, start of DTX

SID_FIRST_P2
Second part of marker to define end of speech, start of DTX

SID_FIRST_INH
Used to inhibit the second part of a SID_FIRST_P1 frame if there is a speech onset

SID_UPDATE_INH
Used to inhibit the second part of a SID_UPDATE frame if there is a speech onset

Table 1 lists the RX_TYPE identifiers[4] used in the state transitions (Figure 1).

Table 1. RX_TYPE identifiers

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 or RATSCCH or SID_FILLER signalling frames. 

In contrast to FR, EFR and half-rate speech DTX operation, the AMR DTX operation is optimised for bandwidth and delay performance and is therefore a convenient and effective solution. It may be applicable for the shifted-interleaving schemes [1]

 REF _Ref493307454 \r \h 
[5]. However, this proposal requires that the use of ONSET and SID_FIRST be made mandatory in the AMR procedures for OS2 operation.

5 An Example

The concept can be illustrated, without loss of generality, by considering the simple case of full-rate GMSK voice multiplexed with (E)GPRS best-effort data In Figure 2, the receiver is initially in the midst of a talkspurt and hence in the Speech state. In block 3 the receiver detects a SID_FIRST message and so the receiver switches to the No Speech state starting with block 4.  In block 5, reception of an ONSET message reverts the receiver to the Speech state.
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Figure 2. GMSK speech and (E)GPRS data on a full-rate DPSCH

6 State Transition Error Recovery

Recovery from state transition errors is to a large extent implementation-dependent. This and worst-case recovery procedures together with aids to error recovery are discussed in this section. Further study on error recovery mechanism is required.

6.1 Missed/False Speech to No Speech Transition

A lost SID frame is handled exactly as in current AMR procedures. The receiver continues to process received frames for speech until the next SID frame is detected. The penalty incurred is the loss of a maximum of 7 data blocks. False transition are considered rare events with similar performance penalties as current AMR procedures.

6.2 Missed/False No Speech to Speech Possible Transition

A lost ONSET frame marker results in an unsuccesful decoding of a (E)GPRS block. The probability of a successful decoding is considered to be very small, especially over successive blocks.

False transitions are a greater danger here since packet block error rates can be high. The degree of loss of data is implementation-dependent. However, implementation aids can be designed into the protocol to reduce these false transitions. For example, the transitions can be based on stealing bit patterns. Also, as one possible option, on the downlink RX (where the processing requirements are most stringent) since the USF bits are free, the transitions could be based on the presence or absence of a unique USF bit pattern. The procedures are flexible with regards to implementation-specific recovery procedures.

6.3 Missed/False Speech Possible to Speech Transition

A missed or false transition in this case is handled similar to NO_SPEECH to SPEECH transition as in current AMR procedures. There is no additional penalty on speech or data due to OS2.

7 Legacy Transceivers

The proposed scheme is independent of any schemes being contemplated that include support for legacy transceivers. This is because the TCH operation is being retained as is in its entirety. In particular, SIP signaling on a TCH using FACCH or using DTM-like approach (2 half-rate channels on a single slot) is possible. 

8 Enhancements to support delay-critical data
The proposed scheme is in effect an extension to the TCH and offers a means to utilize the spare bandwidth during silence periods for carrying best-effort data. With minor enhancements to the procedures, it can be equipped to also support transmission of delay-critical data, such as SIP signaling. The enhancements entail allowing the transmitter to interrupt ongoing speech briefly, independent of FACCH or VAD[4], (using modified SID_FIRST and ONSET frames and procedure) to carry delay-critical information.

9 Conclusion

A mechanism to support OS2 multiplexing has been presented that meets the speech quality performance and design simplicity requirements by reusing existing schemes to the maximum. There are no changes to the existing channel coding or stealing bits. The scheme requires modification of (E)GPRS-related procedures, which are applied during DTX periods. The modified procedures could be enhanced so that if required, the transmitter has the option to force interruption of speech activity to transmit delay-critical data (if transmission over the FACCH is not an alternative).
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Annex A - OS2 Multiplexing Flowchart
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Figure 3a. State-Based OS2 Multiplexing Flowchart

[image: image2.wmf]Speech Possible State

Receive non-SACCH

4-burst block*

SID_FIRST (FR)

or

SID_FIRST_P1 (HR)?

Process block (SID_FIRST or

SID_FIRST_P1)

Receive non-SACCH

4-burst block*

No Speech State

SID_FIRST (FR)

or

SID_FIRST_INH (HR)?

N

Y

Y

SID_FIRST_P2 (HR)?

Process SID_FIRST_P2

N

N

Y

Speech?

N

Speech State

Y

*

SACCH handling is implied in these boxes


Figure 3b. State-Based OS2 Multiplexing Flowchart
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