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Introduction

All GERAN operational scenarios require the ability to multiplex speech with signaling on the same physical sub-channel. GERAN Operational Scenarios 2 and 3 also allows the ability to assign physical sub-channel(s) to a voice call and multiplex best effort data during silence periods. This multiplexing capability can be obtained through the use of Stealing bits (SB) to identify the content of each Radio Block. 



Logical channels that are to be multiplexed include TCH, FACCH, SACCH, PDTCH, PACCH and possibly E-TCH. SACCH uses a fixed periodic burst allocation, and does not need identification through stealing bits. Maximum flexibility in multiplexing the other logical channels can only be achieved by defining compatible interleaving schemes and unique stealing bit combinations. The problem may be mitigated by limiting the number of logical channel combinations. In particular, FACCH and E-TCH do not support non-transparent RLC operation. Moreover, FACCH functions can be supported by the PACCH and PDTCH can be used instead of E-TCH for streaming and generic conversational bearers. Therefore, it is not necessary to distinguish Radio Blocks carrying FACCH and E-TCH. 



In the following, we propose stealing bit patterns that can be used to identify the content of each Radio Block transmitted over full rate and half rate channels. We assume the use of diagonal (chain) interleaving for speech and regular 4-burst interleaving for data and PACCH. 



Stealing Bit Usage

On the downlink, the identification of the Radio Block format is achieved  through a combination of blind detection of the modulation scheme (GMSK or 8-PSK) and information extracted from the particular  stealing bit pattern. We propose a context (state) dependent use of stealing bit patterns in order to identify different Radio Block formats. This ensures that the number of stealing bit patterns required is kept to a minimum. 



The following techniques have been proposed for transitioning between diagonal (chain) interleaving, as applied to speech, and regular 4-burst block interleaving as applied to EGPRS:

Half Speech Frame Approach: Here, a half speech frame is transmitted at the transition between speech and silence periods (i.e., at the start and end of a talkspurt). Half speech frames also allow “dim and burst” signaling [1]. This has lower impact on voice quality compared to blanking speech frames. 

Shifted Interleaving Approach: In this case, one or more speech frames are blanked and the interleaving of two speech frames is reduced as proposed in [2] in order to fit one 4-burst Radio Block. 



The half speech frame approach may result in some additional signaling delay when the vocoder is remote in the network. One possibility is to limit this approach to the uplink and use the shifted interleaving approach on the downlink. Stealing bit usage is discussed for both these approaches. 

Full Rate Channels

Half Speech Frame Approach

Figure 1 shows multiplexing on a full rate channel when half speech frames are used. In this case, the mobile station is required to distinguish between the following GMSK formats using stealing bits:

Speech on all bits 

Half Speech Frame on odd numbered bits (start speech)

Half Speech Frame on even numbered bits (end speech)

PACCH (CS-1)

GMSK Data (MCS-1 to MCS-4)



This allows dim and burst PACCH signaling during a talkspurt, half speech frames at the start and end of a talkspurt, and multiplexing of data and PACCH during silence periods. 



Since the modulation can be determined through blind detection, the stealing bits for PACCH may be reused for indicating the MCS-5/MCS-6 header format. Similarly, the stealing bits for GMSK data can be reused for indicating the MCS-7/MCS-8/MCS-9 header format. 
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S – SACCH		P - PACCH

Figure � SEQ Figure \* ARABIC �1�: Multiplexing on full rate channel when half speech frames are used at the start and end of a talkspurt or for dim and burst PACCH signaling. PDTCH (data) and PACCH may be multiplexed during silence periods.

Table 1 shows proposed stealing bit patterns that can be used to distinguish between the different formats. The formats allowed for each Radio Block are dependent on the format of the previous Radio Block. Therefore, it is not necessary to distinguish between more than 3 formats at any given time (see Table 2 for valid state transitions from one Radio Block to the next).  As a result, the minimum Hamming distance in any state is always greater than or equal to 5, even though the minimum Hamming distance for the set of stealing bit patterns is equal to 4. While decoding stealing bits, the knowledge of state leads to improved error performance. Note that the state is updated by confirming the content of a Radio Block by means of CRC checks, and not merely from the decoded stealing bit patterns.   



Radio Block Format�Stealing Bit pattern��Speech on all bits �0�0�0�0�0�0�0�0��End Speech�1�0�1�1�0�1�0�1��Start Speech�1�1�0�0�0�0�1�1��PACCH (or MCS-5/MCS-6)�0�0�0�1�1�1�1�1��GMSK Data (or MCS-7/MCS-8/MCS-9)�1�1�1�1�1�0�0�0��Table 1: Stealing bit patterns for full rate channels.



Content of Current Radio Block



�Valid Options for Next Radio Block�Minimum Hamming distance between stealing bit patterns��Speech on all Bits�Speech on all bits

End speech�5��Start speech�Speech on all bits�-��End speech�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Silence�6��PACCH (or MCS-5/MCS-6)�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Start speech

Silence�5��GMSK Data 

(or MCS-7/MCS-8/MCS-9)�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Start speech

Silence�5��Silence�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-5/MCS-6)

Start speech 

Silence�5��Table 2: Valid state transitions for full rate channels; minimum distance is not applicable to silence.

Shifted Interleaving Approach

Figure 2 shows multiplexing on a full rate channel using the approach proposed in [2]. During a talkspurt, speech interleaving is aligned with Radio Block boundaries. However, PACCH and data are aligned with half Radio Block boundaries. 
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S – SACCH		P - PACCH

Figure � SEQ Figure \* ARABIC �2�: Multiplexing on full rate channel with the shifted interleaving approach [2]. PDTCH (data) and PACCH may be multiplexed during silence periods. 





Format�Number of bursts over which format is to be detected�Number of stealing bits�Stealing bit pattern�����

B2�

B3�

B0�

B1�

B2�

B3�

B0�

B1��Speech�4�8���00�00�00�00����End speech�6�12���11�11�11�11�11�11��Start speech�6�12�11�11�11�11�11�11����PACCH

(or MCS-5/MCS-6)�4�8�11�10�00�00������GMSK Data

(or MCS-7/8/9)�4�8�00�00�01�11������Table 3: Stealing bit patterns for shifted interleaving on full rate channels; B0 – B3 denote the 4 bursts in a Radio block. The stealing bit patterns for PACCH (or MCS-5/MCS-6) and GMSK data (or MCS-7/8/9) are half Radio Block aligned.



Table 3 shows proposed stealing bit patterns that can be used to distinguish between the different formats. Valid state transitions are shown in Table 4, along with the minimum Hamming distance between valid stealing bit patterns in each state. The patterns for PACCH and GMSK data are chosen to have large distance from the all ones pattern, in order to minimize probability of error on transitions to and from speech. State updates are carried out only when the content of a Radio Block is confirmed by means of CRC checks, and not merely from the decoded stealing bit patterns. 



Content of Current Radio Block



�Valid state transition�Minimum Hamming distance between stealing bit patterns��Speech �Speech 

End speech�8

��End speech�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�6��Start speech �Speech�-��PACCH (or MCS-5/MCS-6)�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data 

Silence�5��GMSK Data (or MCS-7/8/9)�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�5��Silence�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�5��Table 4: Valid state transitions for full rate channels; minimum Hamming distance is not applicable to silence.





Half Rate Channels

Half Speech Frame Approach

Figure 3 shows multiplexing on a half rate channel in the half speech frame case. In this case, one speech frame is blanked and two speech frames are dimmed while transmitting PACCH. 
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S – SACCH			P – PACCH

Figure � SEQ Figure \* ARABIC �3�: Multiplexing on half rate channel when half speech frames are used at the start and end of a talkspurt or for dim and burst PACCH signaling. PDTCH (data) and PACCH may be multiplexed during silence periods. 



The proposed stealing bit patterns and state transitions are indicated in Tables 5 and 6, respectively. The stealing bits can be decoded using state information. Only 4 stealing bits are available to indicate the half speech frame at the start of a talkspurt. As a result, some degradation in error performance is expected in this case. However, in cases where a false start is declared, a CRC error will occur and recovery is possible by decoding again assuming that the Radio Block contains PACCH or GMSK data. Cases other than the start of speech rely on decoding 8 stealing bits and similar error performance to the full rate channel case can be achieved. 



Radio Block Format�Stealing Bit pattern��Speech on all bits �0�0�0�0�0�0�0�0��End speech�0�0�1�1�1�1�1�1��Start speech �1�1�1�1�x�x�x�x��PACCH (or MCS-5/MCS-6)�1�0�0�0�1�0�1�0��GMSK Data (or MCS-7/MCS-8/MCS-9)�0�1�0�0�0�1�0�1��Table 5: Stealing bit patterns for half rate channels.



















Content of Current Radio Block



�Valid Options for Next Radio Block�Minimum Hamming distance between stealing bit patterns��Speech on all Bits�Speech on all bits

End speech�6��Start speech�Speech on all bits�-��End speech�PACCH (or MCS-5/MCS-6)

GSMK Data (or MCS-7/MCS-8/MCS-9)

Silence�8��PACCH (or MCS-5/MCS-6)�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Start speech

Silence�3��GMSK Data 

(or MCS-7/MCS-8/MCS-9)�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Start speech

Silence�3��Silence�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/MCS-8/MCS-9)

Start speech

Silence�3��Table 6: Valid state transitions for half rate channels; minimum Hamming distance is not applicable to silence.

Shifted Interleaving Approach

Figure 4 shows illustrates the approach proposed in [2]. When transmitting PACCH, two speech frames are blanked and the interleaving of two speech frames is shifted. During a talkspurt, speech interleaving is aligned with 40 ms boundaries. However, PACCH and data are interleaved over 40 ms but the alignment is offset by 10 ms with respect to the 40 ms boundaries for speech.
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S – SACCH		P - PACCH

Figure � SEQ Figure \* ARABIC �4�: Multiplexing on half rate channel with the approach proposed in [2]. PDTCH (data) and PACCH may be multiplexed during silence periods.



Table 7 shows proposed stealing bit patterns that can be used to distinguish between the different formats. Valid state transitions are shown in Table 8, along with the minimum Hamming distance between valid stealing bit patterns in each state. The patterns for PACCH and GMSK data are chosen to have large distance from the all ones pattern, in order to minimize probability of error on transitions to and from speech. State updates are carried out only when the content of a Radio Block is confirmed by means of CRC checks, and not merely from the decoded stealing bit patterns. 





Format�Number of bursts over which format is to be detected�Number of stealing bits�Stealing bit pattern�����

B3�

B0�

B1�

B2�

B3��Speech�4�8��00�00�00�00��End speech�3�6��11�11�11���Start speech�3�6�11�11�11����PACCH

(or MCS-5/MCS-6)�4�8�10�10�00�01���GMSK Data

(or MCS-7/8/9)�4�8�01�01�00�10���Table 7: Stealing bit patterns for shifted interleaving on full rate channels; B0 – B3 denote the 4 bursts in a Radio block. The stealing bit patterns for PACCH (or MCS-5/MCS-6) and GMSK data (or MCS-7/8/9) are half Radio Block aligned.



Content of Current Radio Block



�Valid state transition�Minimum Hamming distance between stealing bit patterns��Speech �Speech 

End speech�6

��End speech�PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�6��Start speech �Speech�-��PACCH (or MCS-5/MCS-6)�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data 

Silence�4��GMSK Data (or MCS-7/8/9)�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�4��Silence�Start speech

PACCH (or MCS-5/MCS-6)

GMSK Data (or MCS-7/8/9)

Silence�4��Table 8: Valid state transitions for half rate channels; minimum Hamming distance is not applicable to silence.



Conclusions

Stealing bit patterns have been proposed for multiplexing  PACCH, data and speech on a full rate or half rate channel. The error performance of the proposed stealing bit combinations is FFS. 
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