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Stealing bits aspects for GERAN

1 Introduction

For R’00 the new concept of scenario 2 multiplexing may be introduced where speech and data (background class) are multiplexed on the same physical subchannel. To differentiate between voice and data new stealing bits are needed. Previously several input papers have discussed the topic, but no conclusions have been reached yet.     

The stealing bits herein are state-less and depend only within the physical subchannels. The state-less approach has the advantage of robustness and simple error recovery.

The document will first present the present state followed by R´00 proposal and simulation results. 

2 Present state

In this section stealing bits for classic voice, CS data bearer, R´97 GPRS and R´99 EGPRS are reviewed. The stealing bits are used in conjunction with channel setup and blind detection to determine block type. The channel setup has two modes: Packet Data Traffic Channel [PDTCH] and Traffic Channel [TCH]. For PDTCH blind detection detects if GMSK modulation or 8-PSK modulation is used. Figure 1 shows the detection tree for block type selection.
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Figure 1 R´99 and previous releases block type selection

2.1 Defined stealing bits for GMSK

Stealing bits are defined for both dedicated TCH and shared PDTCH channels. The concept for TCH is that the corresponding stealing bit set to zero marks user data, and stealing bit set to one marks FACCH (for each half burst).  See Table 1 for TCH stealing bits definition.  Due to the diagonal interleaving a full rate TCH have eight stealing bits after deinterleaving indicating user data or FACCH, and a half rate TCH has four.  

Table 1, TCH definition of GMSK stealing bits after deinterleaving.


 Full rate
Half rate

Speech
0 0 0 0 0 0 0 0
0 0 0 0

FACCH
1 1 1 1 1 1 1 1
1 1 1 1

The concept for PDTCH is that eight bits for each radio block of four bursts are reserved for a codeword#1 defined as in Table 2. For EGPRS the four bits long codeword#2 is defined as well. Codeword#2 is undefined for GPRS (bits used for user data). For EGPRS the header is the same for MCS-1 to 4, so the user can always try to decode the EGPRS header. The USF is coded the same way for EGPRS/GMSK as for GPRS CS-2 to 4. By doing so all GPRS and EGPRS users can always read the USF in the downlink when operational in GMSK. The reason for indicating CS-4 when transmitting EGPRS block is that the GPRS user does not have to do convolutional decoding (CS-4 is uncoded except for block coded USF; CS-1, CS-2 and CS-3 use convolution coding).

Table 2, R’99/R´97 PDTCH definition of GMSK stealing bits.


Code word #1
Code word #2

CS1
1 1 1 1 1 1 1 1
Undefined

CS2
1 1 0 0 1 0 0 0
Undefined

CS3
0 0 1 0 0 0 0 1 
Undefined

CS4
0 0 0 1 0 1 1 0
Undefined

MCS1-4
0 0 0 1 0 1 1 0
0 0 0 0

The stealing bits for TCH and PDTCH are always the two bits closest to the training sequence in each burst. For MCS 1-4 only, the four extra stealing bits defined in codeword 2 are set to 0000. Half rate PDTCH is currently being standardized for use in DTM.

2.2 Defined stealing bits for 8-PSK

Only PDTCH have stealing bits defined for 8-PSK at this point. PDTCH have eight bits for each radio block of four bursts reserved to a codeword defined as in Table 3 

Table 3, R’99 definition of 8-PSK stealing bits.


Code word

MCS 5-6
0 0 0 0 0 0 0 0

MCS 7-9
1 1 1 0 0 1 1 1 

The codewords in Table 3 are chosen to allow two codewords more for further releases with good hamming distance.

3 Stealing bits for R´00 

The Physical Subchannel concept is introduced for R´00 in [4]. A Shared Physical SubCHannel [SPSCH] can be shared between several Mobile Stations. A Dedicated Physical SubCHannel [DPSCH] is exclusive for one Mobile Station. On a DPSCH it may be possible to multiplex background traffic with conversational traffic, i.e. in DTX silence periods. These requirements are best investigated using a tree diagram as depicted in Figure 2.
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Figure 2: Necessary stealing bit combinations for R’00 as a function of physical subchannel type and modulation.

3.1 Dedicated Full Rate Channels

When multiplexing speech, data and control signaling on a dedicated full rate channel the smallest granularity is 20 ms. The stealing bits today indicate if the odd, even or both parts are stolen in each burst could be redefined to instead indicate what type of information is started in the current 20 ms period. For an 8-burst diagonal interleaving this means that the receiver has to remember FACCH or user data indication for the next four bursts, which is a new concept. This is illustrated in Figure 3. For example, if a FACCH frame begins at frame 4, it will then steal one complete speech frame, which ends 40 ms later. The stealing bits however only indicate a FACCH in the first 20 ms, since that is where the block started. By doing so the stealing bits message is also compatible with the EGPRS data block, which is interleaved over 20 ms. 
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Figure 3: Speech frames (numbered), FACCH/F and EGPRS block on a full rate channel.

3.2 Dedicated Half Rate Channels

For dedicated half rate channels, each speech frame starts every 20 ms, however, the granularity for FACCH (which steals two speech frames) and EGPRS data are 40 ms. The stealing bits could therefore have a granularity of 40 ms, which then cover four full bursts. This is illustrated in Figure 4. The concept of 40 ms granularity for the stealing bits means that there will be same number of bits available for HR as for FR.
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Figure 4: Speech frames (numbered), FACCH/HU and EGPRS block on a half rate channel.

3.3 Performance

The required number of stealing bits depends of course on the desired performance for the decoding of the stealing bits. Which performance that is desired depends in turn on the performance of the radio access bearers associated with the stealing bits. To get a balanced impact of different errors, the error rate of the stealing bits should be lower than the user data error rate. In other words, the performance of the system should not be limited by the performance of the stealing bits. 

3.4 GMSK stealing bits for  dedicated physical subchannels

Two proposals for GMSK stealing bits are evaluated. In Table 4 the existing fields in the existing radio bearers are reused. Codeword #1 is the existing eight stealing bits distributed over eight half bursts. Codeword #2 is the extended stealing flag codeword defined for R’99 EGPRS. In the EGPRS block the USF field can be reused since the USF information is obsolete on a dedicated channel. Therefore there will be 24 bits in the EGPRS block that could be used to detect whether an EGPRS block is present or not. For speech and FACCH there is eight bits. However, since the speech operates at lower FER than best effort data, the performance of the speech stealing flag has to be lower than the EGPRS stealing flags. This can be done by weighting the decoding process in the receiver depending on which codeword that is decoded. 

As seen in Figure 5 the performance when reusing the stealing bits they will limit the performance of the AMR 4.75 kbps codec. The stealing bit performance could therefore be considered too bad.

Table 4: GMSK DPSCH stealing bit combinations, reuse of R’99 fields.


Code word #1
Code word #2
USF
C/I at 1% FER

Speech
0 0 0 0 0 0 0 0
Undefined
Undefined
4.1 dB

FACCH
1 1 1 1 1 1 1 1
Undefined
Undefined
2.2 dB

MCS-1-4
0 0 0 1 0 1 1 0
0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0
4.8 dB

In Table 5 the other GMSK stealing bit proposal is shown. Here is the number of stealing bits extended to 12 bits. This has the disadvantage that the channel coding and burst mapping has to be changed for the radio bearers.

Table 5: GMSK DPSCH stealing bit combinations, extended number of stealing bits.


Code word #1
dmin
C/I at 1% FER

Speech
0 0 0 0 0 0 0 0 0 0 0 0
8
2.3 dB

FACCH
0 1 0 0 1 1 1 0 1 1 1 1
8
1.5 dB

MCS-1-4
1 0 1 1 1 0 1 1 1 0 0 1
8
0.8 dB

3.5 GMSK stealing bits for shared physical subchannels

The stealing bits defined for a R´99 GMSK shared physical subchannel (SPSCH) will fulfill R´00 requirements. Thus, the stealing bit combinations defined in Table 2 can be reused.

3.6 8-PSK stealing bits for dedicated physical subchannels

The stealing bit combinations for 8-PSK on a dedicated physical can be designed more freely than for GMSK since no speech bearer for 8-PSK is defined. From performance point of view a reasonable number of stealing bits is 24. For the EGPRS bearer this number of stealing bits can be used without changing the channel coding since the USF is not used for a dedicated channel. Therefore the existing stealing field of 8 bits can be extended with 16 bits from the unused USF field. For the speech bearer a stealing field of 24 bits is included from the beginning. The same holds for FACCH. Table 6 lists the stealing bit combinations used for 8-PSK, and the simulated performance. Annex B contains detailed simulation results for 8-PSK.

Table 6: 8-PSK DPSCH stealing bit combinations, extended number of stealing bits.

Nr 

Code word
dmin
C/I at 1% FER

3
Speech
000111111111110111100111
18
4.1 dB

2
FACCH
111000001011101010111000
12
5.9 dB

1
MCS 5-6
111001110000001000011111
12
5.3 dB

0
MCS 7-9
000000000000000000000000
12
5.6 dB

3.7 8-PSK stealing bits for shared physical subchannels 

The stealing bit combinations defined for R´99 will fulfill R´00 requirements, and the stealing bits according to Table 3 can be used.

4 Conclusions

If operational scenario 2 is to be introduced, there is a need to redefine the stealing bits. The stealing bits for GMSK and 8-PSK have been evaluated under this assumption and our proposal is to have 12 stealing bits for GMSK and 24 for 8-PSK. This implies that the channel coding for GMSK radio bearers has to be changed in release 2000. One alternative solution, which would minimize the changes in current standards, is to specify OS2 only for 8-PSK voice bearers.
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Annex A  Simulation Results for GMSK
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Figure 5: Stealing bits for TU3iFH HR and FR when the stealing bit fields are reused. FER of AMR MR475 FR and FACCH FR is added as a reference.
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Figure 6: 12 Stealing bits for TU3iFH HR and FR. FER of AMR MR475 FR and FACCH FR is added as a reference.

Annex B  Simulation Results for 8-PSK
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Figure 7: Stealing bits for TU3iFH HR and FR. FER of AMR MR475 HR, FACCH HR and MCS-5 is added as a reference.
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