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Foreword

This Technical Specification (TS) has been produced by the China Wireless Telecommunication Standard Group (CWTS).

The contents of the present document are subject to continuing work within CWTS and may change following formal CWTS approval. Should CWTS modify the contents of the present document, it will then be re-released by CWTS with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to CWTS for information;

2
presented to CWTS for approval;

3
or greater indicates CWTS approved release.

y
the second digit is incremented for changes of substance, i.e. technical enhancements, corrections, updates, etc. after approval by CWTS of new version within a given release.

z
the third digit is incremented when changes have been incorporated in the document prior approval by CWTS.

1
Scope

The present document includes the specification of encoding, rate matching and interleaving corresponding to the transport channels defined in TSM 05.02 [5]. It does not specify the channel decoding method.

The definition is given for each kind of transport channel, starting from the data provided to the channel encoder by the speech coder, the data terminal equipment, or the controller of the Mobile Station (MS) or Base Transceiver Station (BTS).

1.1 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non-specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

· For this Release 3 document, references to TSM documents are for Release 3 versions (version 3.y.z).

· References to GSM documents are for Release 1999 versions unless otherwise specified.

· References to 3GPP documents are for Release 1999 versions.

[1]
TSM 01.04: "Abbreviations and acronyms".

[2]
GSM 06.60: "Enhanced Full Rate (EFR) speech transcoding".

[3]
GSM 06.20: "Half rate speech transcoding".

[4]
GSM 04.21: "Rate adaption on the Mobile Station ‑ Base Station System (MS ‑ BSS) interface".

[5]
TSM 05.02: "Multiplexing and multiple access on the radio path".

[6]
TSM 04.08: "Mobile radio interface layer 3 specification; Part 1: Radio Resource Management".

[7]
TSM 06.41: “Discontinuous Transmission (DTX) for Half Rate speech traffic channel”.

[8]
TSM 06.81: “Discontinuous Transmission (DTX) for Enhanced Full Rate (EFR) speech traffic channel”.

1.2
Abbreviations 

For the purposes of the present document, the terms and definitions given in TSM 01.04 [1] apply.

2 General

Data stream coming from higher layers (transport block/transport block set) is encoded/decoded to offer transport services over the radio transmission link. Channel coding/multiplexing scheme is a combination of error detection (systematic block code), error correction (convolutional code), rate matching, interleaving, multiplexing, and transport channel mapping on physical layer.

In the TD-SCDMA system, the total number of physical channels (a certain spreading code on a certain  timeslot of a certain carrier frequency) is given by the maximum number of timeslots per TDMA frame and the maximum number of CDMA codes per timeslot.
2.1
General organisation

The following coding/multiplexing units (steps) for the transport channel blocks are identified:

· The information bits are coded with a systematic block code, building words of information + parity bits (see sub-clause 2.1.1);

· These information + parity bits are encoded with a convolutional code, building the coded bits (see sub-clause 2.1.2);

· The coded bits are sent to the rate matching unit; in this way it is possible to adjust the size of the coded bits block to the size of the block to be inserted in the TDMA frame (see sub-clause 2.1.3);
· Reordering and interleaving the bits in output of the rate matching unit gives the interleaved bits (see sub-clause 2.1.4);

· The interleaved bits are sent to the frame segmentation unit: if the time transmission interval is longer than TDMA frame (5ms), the interleaved bits are segmented onto a consecutive number of blocks each transmitted in one TDMA frame (see sub-clause 2.1.5);

· Multiplexing of the different transport channels: the bits of the blocks belonging to the different transport channels in output to the segmentation unit are opportunely multiplexed in one TDMA frame (see sub-clause 2.1.6);
· Scrambling of the multiplexed bits belonging to the different transport channels; this operation allows to avoid a stream of consecutive equal bits (“0“ or “1“), which gives problems in the demodulation step. In absence of the multiplexing unit, the bit scrambling unit is applied only to the single transport channel (see sub-clause 2.1.7);
· Mapping of the bits in output to the scrambling unit on RU(s) (see sub-clause 2.1.9);

Figure 1 shows the overall concept of the transport channel coding and multiplexing. Data arrive to the coding/multiplexing units in form of the transport block sets.
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Figure 1: Transport Channels Coding/Multiplexing Structure.

Among the described/shown coding/multiplexing units, the block coding unit, the convolutional coding unit, the rate matching unit, the interleaving unit and the mapping unit are specific units (steps) for each transport channel, while the frame segmentation unit, the multiplexing unit and the bit scrambling unit are common units for all transport channels, unless otherwise specified.

Figures 2a, 2b and 2c give a diagram of the structure of the transport channel coding, showing only the specific units for each transport channel. Therefore the common coding/multiplexing units (frame segmentation unit , multiplexing unit and bit scrambling unit) are not shown. In each box, the last line indicates the chapter defining the function. All the just mentioned operations are made block by block, the size of which depends on the transport channel. This block of coded bits is the basic structure of the channel coding scheme.

In the case of TCH-T/EFS this block contains 624 bits and carries the information of one speech frame.

In the case of TCH-T/HS, the information of one speech frame is carried in a block of 296 coded bits.

In the case of control transport channels, it carries one message.

In the case of PKCH-T CS1 Mode1, PKCH-T CS1 Mode2, PKCH-T CS2 Mode1, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2 and PKCH-T CS4 Mode2 the block of 328 or 656 coded bits carries one radio block.

In the case of FACCH-T/F and CSACCH-T/F, a coded message block of 624 bits is divided into eight sub-blocks. The first four sub-blocks are sent by stealing the even numbered bits of the relevant timeslot(s) (in number of either one or two in case of single and multicode transmissions respectively) in four consecutive TDMA frames used for the associated full rate transport channel. The other four sub-blocks are sent by stealing the odd numbered bits of the same timeslot(s) in the following four TDMA frames. Along with each block of 624 coded bits there are, in addition, two stealing flag symbols per TDMA frame; the second stealing flag symbol is coded as the first one and it indicates whether even and/or odd numbered bits within the relevant timeslot(s) of the current TDMA frame belong to either the FACCH-T/F (or CSACCH-T/F) or the associated full rate transport channel (see TSM 05.02 [5]).

In the case of FACCH-T/H and CSACCH-T/H, a coded message block of 592 bits is divided into twelve sub-blocks. The first four sub-blocks are sent by stealing the even numbered bits of the relevant timeslot in four consecutive TDMA frames used for the associated TCH-T/HS. The following four sub-blocks are sent by stealing both odd and even numbered bits of the same timeslot in the following four TDMA frames. The last four sub-blocks are sent by stealing the odd numbered bits of the same timeslot in other four following TDMA frames. Along with each block of 592 coded bits there is, in addition, one stealing flag symbol per TDMA frame indicating whether even and/or odd numbered bits within the relevant timeslot of the current TDMA frame belong to either the FACCH-T/H (or CSACCH-T/H) or the TCH-T/HS (see TSM 05.02 [5]).

Some cases do not fit in the general organisation, and use short blocks of coded bits which are sent completely in one timeslot. This happens for SB-T. A summary of transport channels types is given in Annex E.

2.1.1
Block coding

For block coding a cyclic redundancy check (CRC) code is used. Depending on the transport channel 3, 8, or 16 redundancy bits are added.

The corresponding generator polynomials are given in the following:

gCRC3(D) = D3 + D + 1

gCRC8(D) = D8 + D7 + D4 + D3 + D + 1

gCRC16(D) = D16 + D12 + D5 + 1.

Block coding is not applied to TCH-T/F9.6M, TCH-T/F9.6, TCH-T/F14.4M and TCH-T/F14.4.
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Figure 2a: Channel Coding and Interleaving Organisation: Circuit Switched Traffic Transport Channels.

2.1.2
Convolutional encoding

The constraint length of the convolutional codes is equal to 9. Hence, in order to terminate the trellis 8 tail bits have to be inserted at the end of the block to be encoded. The possible code rates are 1/2 and 1/3. Generator polynomials used for convolutional encoding are reported in Annex B.

2.1.3
Rate matching

In order to adjust the size of the coded block to the size of the block to be inserted in the TDMA frame, rate matching is performed. Here, puncturing and repetition are possible. The algorithm used is the same, only three parameters have to be specified: the block length (parameter N), the number of bits to be punctured/repeated (parameter y), and whether to repeat or puncture (parameter Rm). Rate matching algorithm is described in Annex A.
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Figure 2b: Channel Coding and Interleaving Organisation: Control Transport Channels.

2.1.4
Interleaving

Three different interleaving schemes are specified: a block diagonal inter-frame interleaving, a block rectangular inter-frame interleaving and a block rectangular intra-frame interleaving. The first two schemes are the same for all transport channels, only the parameters are different. The parameters are the following:

Bs: 
the size of the block which has to be interleaved,

M: 
the number of sub-blocks in output of the interleaving unit,

G: 

the number of jointly interleaved blocks (only relevant for block diagonal interleaving)

, :
parameters which allow to optimise the interleaving gain for a given interleaving depth.

Block diagonal inter-frame interleaving is used for TCH-T/EFS, TCH-T/HS, FACCH-T/F, FACCH-T/H, CSACCH-T/F, CSACCH-T/H, TCH-T/F9.6M, TCH-T/F9.6, TCH-T/F14.4M and TCH-T/F14.4. Block diagonal inter-frame interleaving is described is Annex C.

Block rectangular inter-frame interleaving is used for SACCH-T, SDCCH-T/3 Mode1, SDCCH-T/6 Mode1, SDCCH-T/3 Mode2, SDCCH-T/6 Mode2, BCCH-T, CCCH-T, PKCH-T CS1 Mode1, PKCH-T CS1 Mode2, PKCH-T CS2 Mode1, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2 and PKCH-T CS4 Mode2. Block rectangular inter-frame interleaving is described in Annex C.

Block rectangular intra-frame interleaving is used for SB-T (see sub-clause 4.7.5).
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Figure 2c: Channel Coding and Interleaving Organisation: Single Burst Transport Channel and Packet Switched Transport Channels (Q=185 for PKCH-T CS1 Mode1, PKCH-T CS1 Mode2; Q=265 for PKCH-T CS2 Mode1, PKCH-T CS2 Mode2; Q=453 for PKCH-T CS3 Mode2; Q=637 for PKCH-T CS4 Mode2).

2.1.5 Frame Segmentation

When the transmission time interval of bits in output to the interleaving unit is longer than one TDMA frame time interval (5ms), the interleaved bits in input to the frame segmentation unit are segmented onto a consecutive number of blocks each transmitted in a different TDMA frame. The number of these blocks corresponds to the specific interleaving depth.
2.1.6 Multiplexing among transport channels

This unit is present only if different transport channels have to be mapped together on the same RU(s).

The bits of each block belonging to the different transport channels in output to the frame segmentation unit are opportunely multiplexed in one TDMA frame. 

Referring to the Figure 1, an example of transport channels multiplexing scheme is applied between the transport channel TCH-T/EFS and the transport channel SACCH-T. 

All possible types of multiplexing are described in TSM 05.02 [5].

2.1.7 Bit scrambling

The bit scrambling operation avoids a long sequence of equal bits (“0” or “1”). This unit scrambles the bits of each block in output to the frame segmentation unit. Therefore, the bit scrambling operation is done on a 5 ms time period basis.

In case that different transport channels are multiplexed and mapped together on the same RU(s), the scrambling operation regards all bits belonging to the different transport channels. 

In absence of the multiplexing unit, the bit scrambling unit is applied only to single transport channel. 

The Single Burst Transport Channels (SB-Ts) are the only ones to which the bit scrambling operation does not apply.

Bit scrambling algorithm is described in Annex F.

2.1.8 Naming Convention

For ease of understanding, a naming convention for bits is given for use throughout the technical specification:

· General naming:

"k" is used for numbering of bits in data blocks;

"B" is used for numbering of blocks in output of the interleaving unit and corresponds also to the numbering of blocks in output of the frame segmentation unit;

"B0" marks the first block in output of the interleaving unit (and also in output of the frame segmentation unit) carrying bits from the first block in the transmission;

"BSACCH" is used for numbering of SACCH-T blocks in output of interleaving unit and corresponds also to the numbering of blocks in output of the frame segmentation unit;

"BSACCH 0" marks the first block in output of the interleaving unit (and also in output of the frame segmentation unit) carrying bits from the first SACCH-T block in the transmission;

"n" is the System Frame Number (SFN, see TSM 05.02 [5]) of the current TDMA frame;

"n0" is the System Frame Number (SFN, see TSM 05.02 [5]) of the first TDMA frame carrying bits from the first block in output of the interleaving unit (and also in output of the frame segmentation unit);

· Bits delivered to the preliminary reordering unit (for TCH-T/EFS only; see interface 0 in Figure 2a and sub-clause 3.1.1):

s(k) 




for 
k = 1..., Ks
· Bits delivered to the encoding unit (interface 1 in Figures 2a, 2b and 2c):

d(k)




for
k = 0,1,...,Kd‑1

· Bits after the first encoding step (block code, cyclic code; interface 2 in Figures 2a, 2b and 2c):

u(k)




for
k = 0,1,...,Ku‑1

· Bits after convolutional encoding (interface 3 in Figures 2a, 2b and 2c):

c(k)




for
k = 0,1,...,Kc‑1

· Bits in output of the rate matching unit (interface 4 in Figures 2a, 2b and 2c):

cr(k)




for
k = 0,1,...,Kcr‑1
· Bits delivered to the interleaving unit (interface 4 in Figures 2a, 2b and 2c):

m(k)




for
k = 0,1,...,Km‑1

· Bits belonging to the Bth block in output of the interleaving unit and also to the Bth block in output of the frame segmentation unit (interface 5 in Figures 2a, 2b and 2c):

i(B,j)



for
j = 0,1,...,Ji‑1






B = B0, B0+1,....

· Bits belonging to the BSACCHth SACCH-T block in output of the interleaving unit and also to the BSACCHth SACCH-T block in output of the frame segmentation unit (interface 5 in Figure 2b, transport channel SACCH-T):

iSACCH(BSACCH,j)

for
j = 0,1,...,Jis‑1

· 




BSACCH = BSACCH 0, BSACCH 0+1,....Bits (Data, SACCH-T, see TSM 05.02 [5]) in input to the bit scrambling unit and transmitted on the nth TDMA frame :

zinput(B,BSACCH,n,k)

for
k = 0,1,...,KSCR-1,









B=B0,B0+1,....









BSACCH = BSACCH 0, BSACCH 0+1,....









n= n0,n0+1,….

· Bits (Data, SACCH-T, see TSM 05.02 [5]) in output of the bit scrambling unit and transmitted on the nth TDMA frame :

zoutput(B,BSACCH,n,k)
for
k = 0,1,...,KSCR-1,









B=B0,B0+1,....









BSACCH = BSACCH 0, BSACCH 0+1,....









n= n0,n0+1,….
Obviously, the block zoutput(B,BSACCH,n,k=0,1,...,KSCR-1) is the scrambled version of zinput(B,BSACCH,n,k=0,1,...,KSCR-1). The specified values of BSACCH and B indicate that the mentioned bits come from the BSACCHth interleaved SACCH-T block and from the Bth interleaved data block of the associated transport channel. The value of n indicates the SFN of the currently transmitted TDMA frame. The transmission timing within the nth TDMA frame is defined in terms of the bit number k. The bit with the lowest bit number is transmitted first.

The KSCR bits zinput(B,BSACCH,n,k=0,1,...,KSCR-1) are organised as follows:

Kdata1 data bits:


zinput(B,BSACCH,n,k=0,1,...,Kdata1-1);

KSACCH SACCH-T bits:
zinput(B,BSACCH,n,k=Kdata1,Kdata1+1,…,Kdata1+KSACCH-1);

Kdata2 data bits:


zinput(B,BSACCH,n,k=Kdata1+KSACCH,…,Kdata1+KSACCH+Kdata2-1).

Obviously it results that Kdata1+KSACCH+Kdata2= KSCR. Values of KSCR, Kdata1, KSACCH, Kdata2 depend on the possible multiplexing configuration of the considered transport channel (see Table 1 and TSM 05.02 [5]).

If SACCH-T bits are not transmitted, i.e. KSACCH=0, the naming becomes zinput(B,n,k) and zoutput(B,n,k) respectively.

· Bits (Data, SACCH-T and L1 bits, see TSM 05.02 [5]) to be mapped on the RU (RUs) within the n-th TDMA frame:

e(B,BSACCH,n,k)

for
k = 0,1,...,KTOT-1,






B=B0,B0+1,....






BSACCH = BSACCH 0, BSACCH 0+1,....






n= n0,n0+1,…. 
The KTOT bits e(B,BSACCH,n,k=0,1,...,KTOT-1) are organised as follows:

Kdata1 data bits:


e(B,BSACCH,n,k=0,1,...,Kdata1-1)= zoutput(B,BSACCH,n,k=0,1,...,Kdata1-1);

KSACCH SACCH-T bits:
e(B,BSACCH,n,k=Kdata1,Kdata1+1,…,Kdata1+KSACCH-1)=  =zoutput(B,BSACCH,n,k=Kdata1,Kdata1+1,…,Kdata1+KSACCH-1);

KStF Stealing Flag bits:
e(B,BSACCH,n,k=Kdata1+KSACCH,…,Kdata1+KSACCH+KStF-1)=                             





= hStF(B,k=0,1,…, KStF-1);


KL1 other L1 bits:
e(B,BSACCH,n,k=Kdata1+KSACCH+KStF,…,Kdata1+KSACCH+KStF+KL1-1);


Kdata2 data bits:

e(B,BSACCH,n,k=Kdata1+KSACCH+KStF+KL1,..,Kdata1+KSACCH+KStF+KL1+Kdata2-1)=





= zoutput(B,BSACCH,n,k=Kdata1+KSACCH,…,Kdata1+KSACCH+Kdata2-1).

Obviously it results that Kdata1+KSACCH+KStF+KL1+Kdata2= KTOT. Values of KTOT, Kdata1, KSACCH, KStF, KL1, Kdata2 depend on the used burst format and, more particularly, on the considered transport channel (see Table 1 and TSM 05.02 [5]).

If SACCH-T bits are not transmitted on the RU(s), i.e. KSACCH=0, the naming becomes:

e(B,n,k)


for
k = 0,1,...,KTOT-1





B=B0,B0+1,....





n= n0,n0+1,….

The values of B (interleaved and scrambled block number) and n (TDMA frame number) are strictly linked among each other. Particularly, for all transport channels but the SDCCH-Ts ones, it results that two generic subsequent blocks B’ and (B’+1) are always transmitted in two subsequent TDMA frames (n’ and (n’+1)). In other words it results n-n0 = B-B0 and finally

n=n0 +(B-B0). 

For BSACCH and n the same reasoning applies:

n=n0 +(BSACCH-BSACCH 0).

With regard to the SDCCH-Ts transport channels the relation between B and n is different. Particularly, the following mapping rules apply:

· Transport channels SDCCH-T/3 Mode 1 and SDCCH-T/3 Mode 2: two generic subsequent blocks B’ and (B’+1) are transmitted in two TDMA frames having indexes n’ and n’+3. Therefore it results:
n=n0 +3(B-B0);
· Transport channels SDCCH-T/6 Mode 1 and SDCCH-T/6 Mode 2: two generic subsequent blocks B’ and (B’+1) are transmitted in two TDMA frames having indexes n’ and n’+6. Therefore it results:
n=n0 +6(B-B0)
A detailed explanation of the mapping rules for SDCCH-T transport channels can be found in TSM 05.02 [5].
2.1.9 Mapping of bit stream (substreams) on the RU(s)

Depending on the transport channel there are four possibilities to map the stream of interleaved bits on the TDMA frame:

1) To use 1 RU at SF 16:

TCH-T/HS, SACCH-T (see sub-clause 4.1.6), FACCH-T/H, CSACCH-T/H, SDCCH-T/3 Mode1, SDCCH-T/6 Mode1, PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1;

2) To use 1 RU at SF 8 or 2 RUs at SF 16:

TCH-T/EFS, TCH-T/F9.6M, TCH-T/F9.6, TCH-T/F14.4M, TCH-T/F14.4, SACCH-T (see sub-clause 4.1.6), FACCH-T/F, CSACCH-T/F, SDCCH-T/3 Mode2, SDCCH-T/6 Mode2, CCCH-T, PKCH-T CS1 Mode2, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2 and PKCH-T CS4 Mode2;

3) To use 1 RU at SF 8 or 1 RU at SF 16:

SB-T;

4) To use 2 RUs at SF 16 :

BCCH-T.

In case 2) the payload available on the single RU at SF 8 is exactly identical to the one available on the two RUs at SF 16 so, all coding steps up to the interface 5 of Figures 2a , 2b and 2c are the same in both configurations. This happens with regard to Stealing Flag and other L1 bits too.

Within the nth TDMA frame, the interleaved bits are mapped on W (W=1,2,…) different RUs at spreading factor SF. The stream e(B,BSACCH,n,k=0,1,...,KTOT-1), is subdivided in W substreams e0(B,BSACCH,n,k=0,1,…,KTOT/W-1),…,

eW-1 (B,BSACCH,n,k=0,1,…,KTOT/W-1) as follows: 

e0(B,BSACCH,n,k=0,1,…,KTOT/W-1) = e(B,BSACCH,n,k=0,1, 2W,1+2W, 4W,1+4W,…);

e1(B,BSACCH,n,k=0,1,…,KTOT/W-1) = e(B,BSACCH,n,k=2,3, 2+2W,3+2W, 2+4W,3+4W,…);

…

en(B,BSACCH,n,k=0,1,…,KTOT/W-1) = e(B,BSACCH,n,k=2n,2n+1, 2n+2W,2n+1+2W, 2n+4W,2n+1+4W,…);

…

eW-1(B,BSACCH,n,k=0,1,…,KTOT/W-1) = e(B,BSACCH,n,k=2(W-1),2(W-1)+1, 2(W-1)+2W,2(W-1)+1+2W,…).

In other words, 2 consecutive bits are put in the substream e0 (first substream), the next 2 bits in the substream e1 (second substream) and so on for all W substreams. Then the mapping comes back to the first substream and it is repeated in the same way for all KTOT bits.
Denote with RQ,SF(B,BSACCH,n,k) (or RQ,SF(B,n,k) if SACCH-T bits are not transmitted) the kth bit of the Qth resource unit (see TSM 04.08 [6], TSM 05.02 [5] for RUs numbering) at spreading factor SF (interface 6 in Figures 2a, 2b and 2c) in the nth TDMA frame:

RQ,SF(B,BSACCH,n,k)

for
k = 0,1,...,(1408/SF)-1 (see Note 2)





B=B0,B0+1,....





BSACCH = BSACCH 0, BSACCH 0+1,....





n= n0,n0+1,….
The transmission timing of a resource unit within a timeslot is defined in terms of the bit number k. The bit with the lowest bit number is transmitted first. Bits RQ,SF(B,BSACCH,n,k=0,1,…,(704/SF)-1) are then transmitted before the midamble field, whereas bits RQ,SF(B,BSACCH,n,k=(704/SF),(704/SF)+1,…,(1408/SF)-1) are transmitted after it.

Denote with R0,SF(B,BSACCH,n,-), R1,SF(B,BSACCH,n,-), …, R(W-1),SF(B,BSACCH,n,-), the W RUs at spreading factor SF used for mapping on the nth TDMA frame. Substreams e0, e1, …, eW-1 are mapped on the W RUs according to TSM 04.08 [6]: substream e0 is mapped on the lowest numbered resource unit R0,SF(B,BSACCH,n,-), substream e1 on the resource unit R1,SF(B,BSACCH,n,-) and so on for all W substreams (interface 6 of Figures 2a, 2b and 2c). The mapping is done in such a way that lower numbered positions in the bit substream correspond to lower numbered positions in the corresponding resource unit.
In case of mapping on one single RU at spreading factor SF, i.e. W=1, the bit stream e(B,BSACCH,n,k=0,1,...,KTOT-1) is directly mapped on the RU (RQ,SF(B,BSACCH,n,-)). The mapping is done in such a way that lower numbered positions in the bit stream correspond to lower numbered positions in the resource unit.

Given the rule of splitting the main bit stream in different substreams, the meaning (besides the number) of Stealing Flag symbols (see sub-clause 2.1) is the same apart from the usage of either 1 RU at SF 8 or 2 RUs at SF 16 for TCH-T/EFS, TCH-T/F9.6M, TCH-T/F9.6, TCH-T/F14.4M, TCH-T/F14.4, SACCH-T, FACCH-T/F, CSACCH-T/F, SDCCH-T/3 Mode 2, SDCCH-T/6 Mode 2, CCCH-T, PKCH-T CS1 Mode2, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2 and PKCH-T CS4 Mode2.

Note 2: the number of bits (Data, SACCH-T and L1 bits) carried by 1 RU at spreading factor SF is equal to 1408/SF.

Table 1: Values of KSCR, KTOT, Kdata1, KSACCH, KStF, KL1, Kdata2 for all transport channels.
	Transport Channel
	Burst Format

(see TSM 05.02 [5])
	KSCR
	KTOT
	Kdata1
	KSACCH
	KStF
	KL1
	Kdata2

	TCH-T/EFS
	1
	164
	176
	76
	8
	4
	8
	80

	TCH-T/F9.6M
	
	
	
	
	
	
	
	

	TCH-T/F14.4M
	
	
	
	
	
	
	
	

	FACCH-T/F
	
	
	
	
	
	
	
	

	CSACCH-T/F
	
	
	
	
	
	
	
	

	TCH-T/F9.6
	1
	164
	176
	84
	0
	4
	8
	80

	TCH-T/F14.4
	
	
	
	
	
	
	
	

	SDCCH-T/3 Mode2
	
	
	
	
	
	
	
	

	SDCCH-T/6 Mode2
	
	
	
	
	
	
	
	

	PKCH-T CS1 Mode2
	
	
	
	
	
	
	
	

	PKCH-T CS2 Mode2
	
	
	
	
	
	
	
	

	PKCH-T CS3 Mode2
	
	
	
	
	
	
	
	

	PKCH-T CS4 Mode2
	
	
	
	
	
	
	
	

	BCCH-T
	2
	176
	176
	88
	0
	0
	0
	88

	CCCH-T
	
	
	
	
	
	
	
	

	SB-T (1 RU at SF 8,

see sub-clause 4.7.6)
	
	0

(SCRAMBLING NOT APPLIED)
	
	
	
	
	
	

	TCH-T/HS
	1
	82
	88
	34
	8
	2
	4
	40

	FACCH-T/H
	
	
	
	
	
	
	
	

	CSACCH-T/H
	
	
	
	
	
	
	
	

	SDCCH-T/3 Mode1
	1
	82
	88
	42
	0
	2
	4
	40

	SDCCH-T/6 Mode1
	
	
	
	
	
	
	
	

	PKCH-T CS1 Mode1
	
	
	
	
	
	
	
	

	PKCH-T CS2 Mode1
	
	
	
	
	
	
	
	

	SB-T (1 RU at SF 16,

see sub-clause 4.7.6)
	2
	0

(SCRAMBLING NOT APPLIED)
	88
	44
	0
	0
	0
	44


3
Traffic Transport CHannels (TCH-T)

Two kinds of traffic transport channel are considered: speech (TCH-T/EFS, TCH-T/HS) and data (TCH-T/F9.6M, TCH-T/F9.6, TCH-T/F14.4M and TCH-T/F14.4). Both of them use the same general structure, and in both cases, a piece of information can be stolen by either FACCH-T/F or FACCH-T/H. In case of TCH-T/EFS and TCH-T/HS a piece of information can also be stolen by CSACCH-T/F and CSACCH-T/H respectively when discontinuous transmission (DTX) is used (see TSM 06.81 [8], TSM 06.41 [7]).

3.1
Enhanced Full rate Speech Transport CHannel (TCH-T/EFS)
The structure of the channel coding for TCH-T/EFS is shown in Figure 3.

The Enhanced full rate speech coder delivers to the channel encoder a sequence of blocks of data: one block of data corresponds to one speech frame.

For the EFR coder each block contains 244 information bits, including 182 bits of class 1 (protected bits), and 62 bits of class 2 (no protection). The class 1 bits are further divided into the class 1a and class 1b, class 1a bits being protected by a cyclic code and the convolutional code whereas the class 1b are protected by the convolutional code only.

3.1.1
Parity and tailing for a speech frame

The 244 information bits delivered by the speech coder received in the order indicated in GSM 06.60 [2] (see also table 2 of Annex D) and labelled s(1).., s(244) have to be rearranged according to table 3 of Annex E before they are delivered to the channel coding unit. The rearranged bits are labelled {d(0),d(1),...,d(243)}, defined in the order of decreasing importance.

a)
Parity bits:

The first 65 bits of class 1 d(0), d(1), ..., d(64) are protected by 8 parity bits used for error detection. These parity bits are added to the 65 bits, using the generator polynomial:

gCRC8(D) = D8 + D7 + D4 + D3 + D + 1

The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D72 + d(1)D71 +... + d(64)D8 + p(0)D7 + p(1)D6+ p(2)D5 + p(3)D4 + p(4)D3 + p(5)D2 + p(6)D + p(7)

where p(0), p(1),…, p(7) are the parity bits, when divided by gCRC8(D), yields a remainder equal to 0.

b)
Tailing bits and reordering:
The information and parity bits of class 1 are reordered, defining 182 information + 8 parity +8 tail bits of class 1, {u(0),u(1),...,u(197)} defined by:

u(k)
= d(2k)
and
u(189-k) = d(2k+1)

for k = 0,1,...,90


u(91+k)
= p(k)





for k = 0,1,2,…,7


u(k)
= 0







for k = 190,191,…197 (tail bits)


[image: image5.wmf]244 bits, 

d(k=0,1,…243)

 (20 ms)

Rate Matching

(32 bits punctured )

Interleaving

Convolutional Encoding

(R = 1/3 )

182 bits class I

0

64

65

181

62 bits class II

243

8 bits

 

CRC

91 bits class I

8 bits tail

182

62 bits class II

198 bits

594 bits

562 bits

62 bits class II

Reordering

8 bit CRC

91 bits class I

0

91

90

98

189

99

190

197

0

581

0

561

562

623

624 bits


Figure 3: Structure of the channel coding for TCH-T/EFS.

3.1.2
Convolutional encoder

The class 1 bits are encoded with the 1/3 rate convolutional code as defined in Annex B.
The coded bits c(k) are then defined by:

· class 1 bits:
c(3k)
= u(k) + u(k-2) + u(k-3)+u(k-5)+u(k-6)+u(k-7)+u(k-8)





c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4)+u(k-7)+u(k-8)





c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5)+u(k-8) 







for k = 0,1,...,197
u(k) = 0 for k < 0

· class 2 bits:
c(594+k)
= d(182+k)
for
k = 0,1,....,61
The size of data block c(k) after convolutional encoder is 594+62=656 bits.

3.1.3
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 32 bits are punctured. Puncturing is only performed on class 1 bits using the rate matching algorithm, see Annex A, with:

N = 594;

y = 32;

Rm = puncturing.

The bits of class 1 after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(561)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)
= cr(k)


for k = 0, 1, 2, …, 561

m(562+k)
= d(182+k) 
for k = 0, 1, 2, …, 61

3.1.4
Interleaving

The coded bits are reordered and interleaved according to Annex C using the following parameters:

Interleaving scheme: block diagonal;

Bs=624;

M=8;

G=2;

α=37;

β=11.

The result of the interleaving is a distribution of the reordered 624 bits of a given data block, n=N (see Annex C), over 8 blocks using the even numbered bits of the first 4 blocks (B = B0 + 4N + 0, 1, 2, 3) and odd numbered bits of the last 4 blocks (B = B0 + 4N + 4, 5, 6, 7).

The reordered bits of the following data block, n = N+1, use the even numbered bits of the blocks B = B0 + 4N + 4, 5, 6, 7 (B = B0 + 4(N+1) + 0, 1, 2, 3) and the odd numbered bits of the blocks B = B0 + 4(N+1) + 4, 5, 6, 7. Continuing with the next data blocks shows that one block always carries 78 bits of data from one data block (n = N) and 78 bits of data from the next block (n = N+1), where the bits from the data block with the higher number always are the even numbered data bits, and those of the data block with the lower number are the odd numbered bits. 

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,155



B=B0,B0+1,…

3.1.5
Mapping on the RU(s)

TCH-T/EFS uses burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,BSACCH,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,BSACCH,n,j=0,1,...,75) = i(B,j=0,1,…,75);

zinput(B,BSACCH,n,j=76,77,…,83) = iSACCH(BSACCH,j=0,1,…7) (see sub-clauses 4.1.5, 4.1.6);

zinput(B,BSACCH,n,j=84,85,…,163) = i(B,j=76,77,…,155);

e(B,BSACCH,n,j=84,85,86,87) = hStF(B,j=0,1,2,3);

e(B,BSACCH,n,j=88,89,…,95) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
The four stealing flag bits, labelled hStF(B,j=0,1,2,3) are used for indication of control channel signalling. The first and the second stealing flag bits are coded as the third and the fourth respectively, i.e. it results:


hStF(B,j=0) = hStF(B,j=2);


hStF(B,j=1) = hStF(B,j=3).

For each TCH-T/EFS block not stolen for signalling purposes, i.e. not stolen by either FACCH-T/F or CSACCH-T/F (see TSM 05.02 [5], TSM 06.81 [8]):

hStF(B,j=0)=0 for the last 4 blocks in output of the interleaving unit (indicating status of odd numbered bits);


hStF(B,j=1)=0 for the first 4 blocks in output of the interleaving unit (indicating status of even numbered bits).

For the use of stealing flag bits when a speech frame is stolen for signalling purposes by either FACCH-T/F or CSACCH-T/F see sub-clause 4.2.6. 

The bit stream e(B,BSACCH,n,k=0,1,…,175) can be mapped on either 1 RU at SF 8 or two RUs at SF 16 according to sub-clause 2.1.9.

3.2
Half rate Speech Transport CHannel (TCH-T/HS)

The structure of the channel coding for TCH-T/HS is shown in Figure 4. 

The half rate speech coder delivers to the channel encoder a sequence of blocks of data: one block of data corresponds to one speech frame. Each block contains 112 bits, including 95 bits of class 1 (protected bits), and 17 bits of class 2 (no protection), see tables 4 and 5 in Annex D.

The bits delivered by the speech coder are received in the order indicated in GSM 06.20 [3] and have to be arranged according to either table 4 or table 5 before channel encoding as defined in sub-clauses 3.2.1 to 3.2.5. The rearranged bits are labelled {d(0),d(1),...,d(111)}. Table 4 has to be taken if parameter Mode = 0 (which means that the speech encoder is in unvoiced mode, see GSM 06.20 [3]), while table 5 has to be taken if parameter Mode = 1, 2 or 3 (which means that the speech encoder is in voiced mode, see GSM 06.20 [3]).
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Figure 4: Structure of the channel coding for TCH-T/HS.

3.2.1
Parity and tailing for a speech frame

a)
Parity bits:

The most significant 22 class 1 bits d(73),d(74),...,d(94) are protected by 8 parity bits used for error detection. These bits are added to the 22 bits, according to a cyclic code using the generator polynomial:

gCRC8(D) = D8 + D7 + D4 + D3 + D + 1

The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:


d(73)D29 + d(74)D28 + ... + d(94)D8 + p(0)D7 + p(1)D6+ p(2)D5 + p(3)D4 + p(4)D3 + p(5)D2 + p(6)D + p(7)

where p(0), p(1),…, p(7) are the parity bits, when divided by gCRC8(D), yields a remainder equal to 0.

b)
Tail bits and reordering:

The information and parity bits of class 1 are reordered, defining 111(information + parity + tail) bits of class 1, {u(0),u(1),...,u(110)} defined by:

u(k) = d(k)
for k = 0,1,...,94

u(k) = p(k-95)
for k = 95,96,…,102

u(k) = 0

for k = 103,104,...,110 (tail bits)

3.2.2
Convolutional encoder
The class 1 bits are encoded with the convolutional code of rate R=1/3 as defined in Annex B.

The coded bits c(k) are then defined by:

class 1 bits:

c(3k)
= u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6) + u(k-7) + u(k-8)





c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4) + u(k-7) + u(k-8)





c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5) + u(k-8)







for k= 0, 1, …, 110     u(k) = 0 for k < 0

class 2 bits:

c(333+k)
= d(95+k)
for k = 0,1, …, 16

The size of data block c(k) after convolutional encoder is 333+17=350 bits.

3.2.3
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 54 bits are punctured. Puncturing is only performed on class 1 bits using the rate matching algorithm, see Annex A, with:

N = 333;

y = 54;

Rm = puncturing.

The bits of class 1 after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(278)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)
= cr(k)


for k = 0, 1, 2, …, 278

m(279+k)
= d(95+k) 
for k = 0, 1, 2, …, 16

3.2.4
Interleaving

The coded bits are interleaved according to Annex C using the following parameters:

Interleaving scheme: block diagonal;

Bs=296;

M=8;

G=2;

α=7;

β=5.

The result of the interleaving is a distribution of the reordered 296 bits of a given data block, n = N, over 8 blocks using the even numbered bits of the first 4 blocks (B = B0+4N+0,1,2,3) and the odd numbered bits of the last 4 blocks (B = B0+4N+4,5,6,7). The reordered bits of the following data block, n = N + 1, use the even numbered bits of the blocks B = B0 + 4N + 4,5,6,7 (B = B0+4(N+1)+0,1,2,3) and the odd numbered bits of the blocks B = B0 + 4(N+1) + 4,5,6,7

Continuing with the next data blocks shows that one block always carries 37 bits of data from one data block (n = N) and 37 bits from the next block (n = N+1), where the bits from the data block with the higher number always are the even numbered data bits, and those of the data block with the lower number are the odd numbered bits.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,73



B=B0,B0+1,…

3.2.5
Mapping on the RU(s)

TCH-T/HS uses burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,BSACCH,n,k=0,1,…,87) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,BSACCH,n,j=0,1,...,33) = i(B,j=0,1,…,33);

zinput(B,BSACCH,n,j=34,35,…,41) = iSACCH(BSACCH,j=0,1,…7) (see sub-clauses 4.1.5, 4.1.6);

zinput(B,BSACCH,n,j=42,43,…,81) = i(B,j=34,35,…,73);

e(B,BSACCH,n,j=42,43) = hStF(B,j=0,1);

e(B,BSACCH,n,j=44,45,46,47) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
The two stealing flag bits, labelled hStF(B,j=0,1) are used for indication of control channel signalling.

For each TCH-T/HS block not stolen for signalling purposes, i.e. not stolen by either FACCH-T/H or CSACCH-T/H (see TSM 05.02 [5], TSM 06.41 [7]):

hStF(B,j=0)=0 for the last 4 blocks in output of the interleaving unit (indicating status of odd numbered bits);


hStF(B,j=1)=0 for the first 4 blocks in output of the interleaving unit (indicating status of even numbered bits).

For the use of stealing flag bits when a speech frame is stolen for signalling purposes by either FACCH-T/H or CSACCH-T/H see sub-clause 4.3.6. 

The bit stream e(B,BSACCH,n,k=0,1,…,87) is mapped on 1 RU at SF 16 according to sub-clause 2.1.9.

3.3
Data Transport CHannel at Full rate, 12.0 kbit/s radio interface rate (9.6 kbit/s services (TCH-T/F9.6M, TCH-T/F9.6))
The definition of a 12.0 kbit/s radio interface rate data flow for data services is given in GSM 04.21 [6]. 

As specified in TSM 05.02 [5], two different coding procedures are defined for the circuit-switched logical channel TCH/F9.6 and, consequently two different transport channels are singled out:

· TCH-T/F9.6M: in this case the traffic channel is on the main signalling link and, hence, SACCH data (transport channel SACCH-T) have to be transmitted together with TCH/F9.6 traffic data;

· TCH-T/F9.6: in this case the traffic channel is not on the main signalling link, no SACCH data (transport channel SACCH-T) have to be transmitted and more payload is available for the traffic data.
The structure of the channel coding for TCH-T/F9.6M and TCH-T/F9.6 is shown in Figures 5a and 5b respectively.
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Figure 5a: Structure of the channel coding for TCH-T/F9.6M.

3.3.1 TCH-T/F9.6M

3.3.1.1 Interface with user unit

The user unit delivers to the encoder a bit stream organised in blocks of 60 information bits (data frames) every 5 ms. Four such blocks are dealt with together in the coding process {d(0),...,d(239)}. For non-transparent services those four blocks shall align with one 240-bit RLP frame.

3.3.1.2 Block code

The block of 4*60 information bits is not block-coded, but only increased with 8 tail bits at the end of the block, resulting in 240 information + 8 tail=248 bits, {u(0),u(1),…,u(247)} defined by:

u(k) = d(k)

for k = 0,1,...,239

u(k) = 0

for k = 240,241,…,247 (tail bits)
3.3.1.3 Convolutional encoder

This block of 248 bits {u(0),...,u(247)} is encoded with the 1/3 rate convolutional code as defined in Annex B resulting in 744 coded bits {c(0),c(1),…,c(743)} with:

c(3k)

= u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6) + u(k-7) + u(k-8)

c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4) + u(k-7) + u(k-8)

c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5) + u(k-8)

for k= 0, 1, …, 247     u(k) = 0 for k < 0

3.3.1.4 Rate matching 

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 120 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 744;

y = 120;

Rm = puncturing.

The bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(623)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 623

3.3.1.5 Interleaving

The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block diagonal;

Bs=624;

M=16;

G=4;

(=5;

(=2.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,155



B=B0,B0+1,…

3.3.1.6
Mapping on the RU(s)

The mapping is done as specified for TCH-T/EFS in sub-clause 3.1.5. On bitstealing for signalling purposes by a FACCH-T/F, see sub-clause 4.2.6.

3.3.2 TCH-T/F9.6

3.3.2.1 Interface with user unit

The interface with user unit is the same as for TCH-T/F9.6M and it is specified in sub-clause 3.3.1.1.
3.3.2.2 Block code

The block coding is done as specified for TCH-T/F9.6M in sub-clause 3.3.1.2.
3.3.2.3 Convolutional encoder

The convolutional encoding is done as specified for TCH-T/F9.6M in sub-clause 3.3.1.3.
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Figure 5b: Structure of the channel coding for TCH-T/F9.6.

3.3.2.4 Rate Matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 88 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 744;

y = 88;

Rm = puncturing.

The bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(655)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 655

3.3.2.5 Interleaving

The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block diagonal;

Bs=656;

M=16;

G=4;

(=5;

(=2.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,163






B=B0,B0+1,…
3.3.2.6 Mapping on the RU(s)

TCH-T/F9.6 uses burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,83) = i(B,j=0,1,…,83);

zinput(B,n,j=84,85,…,163) = i(B,j=84,85,…,163);

e(B,n,j=84,85,86,87) = hStF(B,j=0,1,2,3);

e(B,n,j=88,89,…,95) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
As TCH-T/F9.6 bits are never stolen for signalling purposes, it results (see TSM 05.02 [5]):


hStF(B,j=0,1,2,3) = (0,0,0,0)

for all blocks in output of the interleaving unit.

The bit stream e(B,n,k=0,1,…,175) can be mapped on either 1 RU at SF 8 or two RUs at SF 16 according to sub-clause 2.1.9.

3.4
Data Transport CHannel at Full rate, 14.5 kbit/s radio interface rate (14.4 kbit/s services (TCH-T/F14.4M, TCH-T/F14.4))

The definition of a 14.5 kbit/s radio interface rate data flow for data services is given in GSM 04.21 [4].

As specified in TSM 05.02 [5], two different coding procedures are defined for the circuit-switched logical channel TCH/F14.4 and, consequently two different transport channels are singled out:

· TCH-T/F14.4M: in this case the traffic channel is on the main signalling link and, hence, SACCH data (transport channel SACCH-T) have to be transmitted together with TCH/F14.4 traffic data;

· TCH-T/F14.4: in this case the traffic channel is not on the main signalling link, no SACCH data (transport channel SACCH-T) have to be transmitted and more payload is available for the traffic data.
The structure of the channel coding for TCH-T/F14.4M and TCH-T/F14.4 is shown in Figures 6a and 6b respectively.

3.4.1 TCH-T/F14.4M

3.4.1.1 Interface with user unit

The user unit delivers to the encoder a bit stream organised in blocks of 290 information bits (data frames) every 20 ms: {d(0),d(1),…,d(239)}.

3.4.1.2 Block code

The block of 290 information bits is not block-coded, but only increased with 8 tail bits equal to 0 at the end of the block.

u(k) = d(k)

for k = 0,1,...,289

u(k) = 0

for k = 290,291,…,297 (tail bits)

3.4.1.3 Convolutional encoder

This block of 298 bits {u(0),...,u(297)} is encoded with the 1/2 rate convolutional code as defined in Annex B, resulting in 596 coded bits {c(0), c(1),..., c(595)} with

c(2k)

= u(k) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑8)

c(2k+1)
= u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑7) + u(k‑8)

for k = 0,1,...,305 ;

u(k) = 0 for k < 0

3.4.1.4 Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 28 bits are repeated. Repetition is performed using the rate matching algorithm, see Annex A, with:

N = 596;

y = 28;

Rm = repetition.

The 624 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(623)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 623
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Figure 6a: Structure of the channel coding for TCH-T/F14.4M.

3.4.1.5 Interleaving

The interleaving is done as specified for TCH-T/F9.6M in sub-clause 3.3.1.5.

3.4.1.6 Mapping on the RU(s)

The mapping is done as specified for TCH-T/EFS in sub-clause 3.1.5. On bitstealing for signalling purposes by a FACCH-T/F, see sub-clause 4.2.6.

3.4.2 TCH-T/F14.4

3.4.2.1 Interface with user unit

The interface with user unit is the same as for TCH-T/F14.4M and it is specified in sub-clause 3.4.1.1.
3.4.2.2 Block code

The block coding is done as specified for TCH-T/F14.4M in sub-clause 3.4.1.2.
3.4.2.3 Convolutional encoder

The convolutional encoding is done as specified for TCH-T/F14.4M in sub-clause 3.4.1.3.
3.4.2.4 Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 60 bits are repeated. Repetition is performed using the rate matching algorithm, see Annex A, with:

N = 596;

y = 60;

Rm = repetition.

The 656 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(655)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 655
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Figure 6b: Structure of the channel coding for TCH-T/F14.4.
3.4.2.5 Interleaving

The interleaving is done as specified for TCH-T/F9.6 in sub-clause 3.3.2.5.

3.4.2.6 Mapping on the RU(s)

The mapping is done as specified for TCH-T/F9.6 in sub-clause 3.3.2.6.

4
Control Transport Channels

4.1 Slow Associated Control Transport CHannel (SACCH-T)

The structure of the channel coding for SACCH-T is shown in Figure 7. 

4.1.1 Block constitution

The message delivered to the encoder has a fixed size of 184 information bits {d(0),d(1),...,d(183)}.
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Figure 7: Structure of the channel coding for SACCH-T.

4.1.2 Block code

a)
Parity bits:


The block of 184 information bits is protected by 16 parity bits used for error detection. These bits are added to the 184 bits using the generator polynomial:

gCRC16(D) = D16 + D12 + D5 + 1

The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D199 + d(1)D198 +...+d(183)D16 + p(0)D15 +...+p(14)D + p(15)
where p(0), p(1),…, p(15) are the parity bits, when divided by gCRC16(D), yields a remainder equal to 0.

b)
Tail bits

The information and parity bits are reordered, defining 184 information + 16 parity + 8 tail = 208 bits, {u(0),u(1),...,u(207)} defined by:

u(k) = d(k)

for k = 0,1,...,183

u(184+k) = p(k)
for k = 0,1, …, 15

u(k) = 0


for k = 200, …, 207 (tail bits)

4.1.3 Convolutional encoder

This block of 208 bits is encoded with the 1/2 rate convolutional code as defined in Annex B resulting in 416 coded bits: {c(0),c(1),...,c(415)} with:

c(2k)

= u(k) + u(k‑2) + u(k‑3) + u(k‑4) + u(k‑8)

c(2k+1)
= u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑7) + u(k‑8)

for k= 0, 1, …, 207
u(k) = 0 for k < 0

4.1.4 Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 32 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 416;

y = 32;

Rm = puncturing.

The bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(383)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 383

4.1.5 Interleaving

This block of 384 bits is output in consecutive 48 TDMA frames (8 bits per frame). The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block rectangular;

Bs=384;

M=96;

α=3;

β=0.

The BSACCHth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8):

iSACCH(BSACCH,j)
for
j = 0,1,...,7




BSACCH = BSACCH 0, BSACCH 0+1,....

4.1.6 Mapping on the RU(s)

SACCH-T uses burst format 1 (see TSM 05.02 [5]).

The mapping is done as specified either in sub-clause 3.1.5 or in sub-clause 3.2.5 in the case of full rate (TCH-T/EFS, TCH-T/F9.6M, TCH-T/F14.4M) or half rate (TCH-T/HS) associated transport channels respectively.

4.2 Fast Associated Control Transport CHannel at Full rate (FACCH-T/F)

The structure of the channel coding for FACCH-T/F is shown in Figure 8.
4.2.1 Block constitution

The user unit delivers to the encoder a bit stream organised in blocks of 184 information bits. To the block of 184 information bits {d(0), d(1), ..., d(183)} one bit is added (d(184)). This additional flag is encoded together with the information bits and it indicates whether the block contains FACCH-T/F bits or CSACCH-T/F bits. In case of FACCH-T/F the value of this additional bit is fixed to 1.

4.2.2 Block code

a)
Parity bits:

The block of 185 information bits {d(0), d(1), ..., d(184)} is protected by 16 parity bits used for error detection. These parity bits are added to the 185 bits using the generator polynomial:

gCRC16(D) = D16 + D12 + D5 + 1
The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D200 + d(1)D199 +...+d(184)D16 + p(0)D15 +...+p(14)D + p(15)
where p(0), p(1),…, p(15) are the parity bits, when divided by gCRC16(D), yields a remainder equal to 0.

b)
Tailing bits and reordering:

The information and parity bits are reordered, defining 184 information + 1 flag + 16 parity + 8 tail = 209 bits, {u(0),u(1),...,u(208)} defined by:

u(k) = d(k)

for k = 0,1,...,184

u(185+k) = p(k)
for k = 0,1, …, 15

u(k) = 0


for k = 201, …, 208 (tail bits)
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Figure 8: Structure of the channel coding for FACCH-T/F and CSACCH-T/F (see sub-clause 4.8).

4.2.3
Convolutional encoder

This block of 209 bits is encoded with the 1/3 rate convolutional code as defined in Annex B resulting in 627 coded bits {c(0), c(1),..., c(626)} with

c(3k)

= u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6) + u(k-7) + u(k-8)

c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4) + u(k-7) + u(k-8)

c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5) + u(k-8)

for k= 0, 1, …, 208     u(k) = 0 for k < 0

The size of data block c(k) after convolutional encoder is 627 bits.

4.2.4
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 3 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 627;

y = 3;

Rm = puncturing.

The 624 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(623)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 623

4.2.5
Interleaving

The interleaving is done as specified for TCH-T/EFS in sub-clause 3.1.4.

4.2.6
Mapping on the RU(s)

A FACCH-T/F frame of 8 interleaved blocks (624 interleaved bits) is mapped on RU(s) belonging to 8 consecutive TDMA frames as specified for TCH-T/EFS in sub-clause 3.1.5. As FACCH-T/F is transmitted on bits which are stolen in a burst from the associated traffic channel, the even numbered bits in the RU(s) of the first 4 TDMA frames and the odd numbered bits of the RU(s) of the last 4 TDMA frames are stolen. 

To indicate this to the receiving device, the stealing flag bits hStF(B,j=0,1) have to be set according to the following rule:

hStF(B,j=0) = 1 for the last 4 blocks in output of the interleaving unit (odd numbered bits are stolen);


hStF(B,j=1) = 1 for the first 4 blocks in output of the interleaving unit (even numbered bits are stolen).

The third and the fourth stealing flag bits are coded as the first and the second respectively, i.e. it results:


hStF(B,j=2) = hStF(B,j=0)=1;


hStF(B,j=3) = hStF(B,j=1)=1.

The consequences of this bitstealing by one FACCH-T/F coding block (624 interleaved bits) is for a:

-Speech channel TCH-T/EFS:

One full speech frame is stolen by FACCH-T/F;

-Data channels TCH-T/F9.6M and TCH-T/14.4M:

The bitstealing disturbs 312+312 bits of two different and not consecutive data blocks.

NOTE: 
In the case of transmission of consecutive FACCH-T/F (coding) blocks, a number of bursts will have both the even and the odd bits stolen and both stealing flag bits hStF(B,j=0) and hStF(B,j=1) must be set to 1.

4.3 Fast Associated Control Transport CHannel at Half rate (FACCH-T/H)

The structure of the channel coding for FACCH-T/H is shown in Figure 9.

4.3.1 Block constitution

The block constitution is the same as the one for FACCH-T/F and then it is specified in sub-clause 4.2.1.

4.3.2 Block code

The block coding is done as specified for FACCH-T/F in sub-clause 4.2.2.
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Figure 9: Structure of the channel coding for FACCH-T/H and CSACCH-T/H (see sub-clause 4.9).

4.3.3
Convolutional encoder

The convolutional encoding is done as specified for FACCH-T/F in sub-clause 4.2.3.
4.3.4
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 35 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 627;

y = 35;

Rm = puncturing.

The 592 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(591)}. The two data blocks m1(k) and m2(k) delivered to the interleaving unit are defined by:

m1(k)= cr(k)


for k = 0, 1, …, 295

m2(k)= cr(k+296)

for k = 0, 1, …, 295

4.3.5
Interleaving

Both blocks m1(k=0,1,…,295) and m2(k=0,1,…,295) are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block diagonal;
Bs=296;

M=8;

G=2;

α=7;

β=5.

The blocks m1(k=0,1,…,295) and m2(k=0,1,…,295) are then treated as two consecutive blocks of TCH-T/HS. The information of both blocks together is spread over 12 TDMA frames. 

4.3.6
Mapping on the RU(s)

FACCH-T/H uses burst format 1 (see TSM 05.02 [5]).

A FACCH-T/H frame of 12 interleaved blocks (592 interleaved bits) is mapped on 12 consecutive bursts belonging to 12 consecutive TDMA frames. In such a process, these blocks are treated as specified in sub-clause 3.2.5, as 12 interleaved blocks coming from two consecutive TCH-T/HS speech frames.

As a FACCH-T/H is transmitted on bits which are stolen from the associated traffic transport channel TCH-T/HS, the even numbered bits of the first 4 bursts, all bits of the middle 4 bursts and the odd numbered bits of the last 4 bursts are stolen.

To indicate this to the receiving device the stealing flag bits hStF(B,j=0,1) have to be set according to the following rule:

hStF(B,j=0)=1 
for the last 4 blocks in output of the interleaving unit (odd numbered bits are stolen);

hStF(B,j=0)=1 and hStF(B,j=1)=1 
for the middle 4 blocks in output of the interleaving unit (all bits are stolen);

hStF(B,j=1)=1 
for the first 4 blocks in output of the interleaving unit (even numbered bits are stolen).

For TCH-T/HS the consequences of this bitstealing by one single FACCH-T/H (coding) block is that two full consecutive speech frames are stolen.

4.4 Stand alone Dedicated Control Transport CHannel (SDCCH-T/x Mode1, SDCCH-T/x Mode2, x=3,6)

The structure of the channel coding for SDCCH-T Mode1 and SDCCH-T Mode2 is shown in Figures 10a and 10b respectively.

4.4.1 SDCCH-T/3 Mode1, SDCCH-T/6 Mode1

4.4.1.1 Block constitution

The message delivered to the encoder has a fixed size of 184 information bits {d(0),d(1),...,d(183)}. It is delivered on a burst mode.

4.4.1.2 Block code

The block coding is done as specified for SACCH-T in sub-clause 4.1.2.
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Figure 10a: Structure of the channel coding for SDCCH-T Mode1.

4.4.1.3 Convolutional encoder

The convolutional encoding is done as specified for SACCH-T in sub-clause 4.1.3.
4.4.1.4 Rate Matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 88 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N=416;

y=88;

Rm=puncturing.

The 328 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(327)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)= cr(k)

for k = 0, 1, 2, …, 327

4.4.1.5 Interleaving

The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block rectangular;

Bs=328;

M=8;

α=8;

β=6.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,81



B=B0,B0+1,…

4.4.1.6 Mapping on the RU(s)

SDCCH-T/3 Mode1 and SDCCH-T/6 Mode1 use burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,87) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,41) = i(B,j=0,1,…,41);

zinput(B,n,j=42,43,…,81) = i(B,j=42,43,…,81);

e(B,n,j=42,43) = hStF(B,j=0,1);

e(B,n,j=44,45,46,47) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
As SDCCH-T/x (x=3,6) Mode1 bits (signalling data) take up both even and odd numbered positions in the burst, the stealing flag bits are set as follows (see TSM 05.02 [5]):


hStF(B,j=0,1) = (1,1)

for all blocks in output of the interleaving unit.

The bit stream e(B,n,k=0,1,…,87) is mapped on 1 RU at SF 16 according to sub-clause 2.1.9.

The relation between n and B for both SDCCH-T/3 Mode1 and SDCCH-T/6 Mode 1 is reported in sub-clause 2.1.8.

4.4.2 SDCCH-T/3 Mode2, SDCCH-T/6 Mode2

4.4.2.1 Block constitution

The block constitution is the one specified for SDCCH-T Mode1 in sub-clause 4.4.1.1.
4.4.2.2 Block code

The block coding is done as specified for SACCH-T in sub-clause 4.1.2.
4.4.2.3 Convolutional encoder

This block of 208 bits is encoded with the 1/3 rate convolutional code as defined in Annex B resulting in 624 coded bits {c(0), c(1),...,c(623)} with

c(3k)

= u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6) + u(k-7) + u(k-8)

c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4) + u(k-7) + u(k-8)

c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5) + u(k-8)

for k= 0, 1, …, 207     u(k) = 0 for k < 0

The size of data block c(k) after convolutional encoding is 624 bits.
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Figure 10b: Structure of the channel coding for SDCCH-T Mode2.

4.4.2.4 Rate Matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 32 bits are repeated. Repetition is performed using the rate matching algorithm, see Annex A, with:

N=624;

y=32;

Rm=repetition.

The 656 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(655)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)= cr(k)

for k = 0, 1, 2, …, 655

4.4.2.5 Interleaving

The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block rectangular;

Bs=656;

M=8;

α=39;

β=11.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,163






B=B0,B0+1,…
4.4.2.6 Mapping on the RU(s)

SDCCH-T/3 Mode2 and SDCCH-T/6 Mode2 use burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,83) = i(B,j=0,1,…,83);

zinput(B,n,j=84,85,…,163) = i(B,j=84,85,…,163);e(B,n,j=84,85,86,87) = hStF(B,j=0,1,2,3);

e(B,n,j=88,89,…,95) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
As SDCCH-T/x (x=3,6) Mode2 bits (signalling data) take up both even and odd numbered positions in the burst, the stealing flag bits are set as follows (see TSM 05.02 [5]):


hStF(B,j=0,1) = (1,1)

for all blocks in output of the interleaving unit.

The third and the fourth stealing flag bits are coded as the first and the second respectively, i.e. it results:


hStF(B,j=2) = hStF(B,j=0)=1;


hStF(B,j=3) = hStF(B,j=1)=1.

The bit stream e(B,n,k=0,1,…,175) is mapped on either 1 RU at SF 8 or 2 RUs at SF 16 according to sub-clause 2.1.9.

The relation between n and B for both SDCCH-T/3 Mode2 and SDCCH-T/6 Mode 2 is reported in sub-clause 2.1.8.

4.5 Broadcast Control Transport Channel (BCCH-T)

The structure of the channel coding for BCCH-T is shown in Figure 11.

4.5.1
Block constitution

The message delivered to the encoder has a fixed size of 184 information bits {d(0),d(1),...,d(183)}. It is delivered on a burst mode.

To this block a bit equal to 1 is appended: d(184)=1. This bit is used as a flag that indicates whether the block contains BCCH-T or other information.

4.5.2
Block code

The block coding is done as specified for FACCH-T/F in sub-clause 4.2.2.
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Figure 11: Structure of the channel coding for BCCH-T and CCCH-T.

4.5.3
Convolutional encoder

The convolutional encoding is done as specified for FACCH-T/F in sub-clause 4.2.3.
4.5.4
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 77 bits are repeated. Repetition is performed using the rate matching algorithm, see Annex A, with:

N=627;

y=77;

Rm=repetition.

The 704 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(703)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)= cr(k)

for k = 0, 1, 2, …, 703

4.5.5
Interleaving

The coded bits are interleaved according to the Annex C using the following parameters:

Interleaving scheme: block rectangular;

Bs=704;

M=8;

=43;

=12.

The Bth block in output of the interleaving unit is indicated as (see sub-clause 2.1.8 and Annex C):

i(B,j)

for
j=0,1,…,175






B=B0,B0+1,…
4.5.6 Mapping on the RU(s)

BCCH-T uses burst format 2 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,175) = i(B,j=0,1,…,175).

The bit stream e(B,n,k=0,1,…,175) is mapped on 2 RUs at SF 16 according to sub-clause 2.1.9.

4.6
Common Control Transport CHannel (CCCH-T)

The structure of the channel coding for CCCH-T is shown in Figure 11.

4.6.1
Block constitution

The message delivered to the encoder has a fixed size of 184 information bits {d(0),d(1),...,d(183)}. It is delivered on a burst mode.

To this block a zero is appended: d(184)=0. This one indicates that no BCCH-T information is transmitted.

4.6.2
Block code

The block coding is done as specified for the BCCH-T in sub-clause 4.5.2.

4.6.3
Convolutional encoder

The convolutional encoding is done as specified for the BCCH-T in sub-clause 4.5.3.

4.6.4
Rate matching

The rate matching is done as specified for the BCCH-T in sub-clause 4.5.4.

4.6.5
Interleaving

The interleaving is done as specified for the BCCH-T in sub-clause 4.5.5.
4.6.6
Mapping on the RU(s)

CCCH-T uses burst format 2 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,175) = i(B,j=0,1,…,175).

The bit stream e(B,n,k=0,1,…,175) is mapped on either 1 RU at SF 8 or 2 RUs at SF 16 according to sub-clause 2.1.9.

4.7
Single Burst Transport channel (SB-T)

The structure of the channel coding for SB-T is shown in Figure 12.

4.7.1
Block constitution

The message delivered to the encoder has a fixed size of 32 information bits {d(0),d(1),...,d(31)}. It is delivered on a burst mode.

4.7.2
Block code

a)
Parity bits:

The block of 32 information bits {d(0), d(1), ..., d(31)} is protected by 8 parity bits used for error detection. These parity bits are added to the 32 bits using the generator polynomial:

gCRC8(D) = D8 + D7 + D4 + D3 + D + 1

The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D39 + d(1)D38 +...+d(31)D8 + p(0)D7 +...+p(6)D + p(7)
where p(0), p(1),…, p(7) are the parity bits, when divided by gCRC8(D), yields a remainder equal to 0.

b)
Tailing bits

The information and parity bits are reordered, defining 32 information + 8 parity + 8 tail = 48 bits, {u(0),u(1),...,u(47)} defined by:

u(k) = d(k)

for k = 0,1,...,31

u(32+k) = p(k)

for k = 0,1, …, 7

u(k) = 0


for k = 40, …, 47 (tail bits)

4.7.3
Convolutional encoder

This block of 48 bits is encoded with the1/2 rate convolutional as defined in Annex B resulting in 96 coded bits {c(0), c(1),..., c(95)} with

c(2k)

= u(k) + u(k-2) + u(k-3) + u(k-4) + u(k-8)

c(2k+1)
= u(k) + u(k-1) + u(k-2) + u(k-3) + u(k-5) + u(k-7) + u(k-8)

for k= 0, 1, …, 207     u(k) = 0 for k < 0

The size of data block c(k) after convolutional encoder is 96 bits.
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Figure 12: Structure of the channel coding for SB-T.

4.7.4
Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, 8 bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A, with:

N = 96;

y = 8;

Rm = puncturing.

The 88 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(87)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k)= cr(k)

for k = 0, 1, 2, …, 87

4.7.5
Interleaving

The bits in input to the interleaving unit are denoted as {m(0), …,m(87)}. The coded bits are block rectangular interleaved according to the following rule: the input is written row by row, the output is read column by column.


[image: image18.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

m(87)

m(15)

m(7)

m(82)

m(81)

m(80)

m(10)

m(9)

m(8)

m(2)

m(1)

m(0)

M

K

K

M

M

M

K

K


Hence, the Bth block in output of the interleaving unit is given by:

i(B,j=0,1,…,87)= (m(0), m(8), m(16),…,m(80), m(1), m(9),…, m(81), …m(7), m(15),…, m(87)).

4.7.6 Mapping on the RU(s)

SB-T uses burst format 2 (see TSM 05.02 [5]).

The 88 resulting bits i(B,j=0,1,…,87) are treated in a different way depending on the selected configuration:

· SB-T is mapped on 1 RU at SF 16

The bit stream e(B,k=0,1,…,87) (see sub-clause 2.1.8) is given by:

e(B,j=0,1,...,87) = i(B,j=0,1,…,87).

The bit stream e(B,k=0,1,…,87) is mapped on 1 RU at SF 16 according to sub-clause 2.1.9.
· SB-T is mapped on 1 RU at SF 8
In this case the 88 bits i(B,j=0,1,…,87) are repeated and the bit stream e(B,k=0,1,…,175) (see sub-clause 2.1.8) is given by:

e(B,j=0,1,...,87) = i(B,j=0,1,…,87);

e(B,j=88,89,...,175) = i(B,j=0,1,…,87).
The bit stream e(B,k=0,1,…,175) is mapped on 1 RU at SF 8 according to sub-clause 2.1.9.

4.8 Compressed Slow Associated Control Transport CHannel at Full rate (CSACCH-T/F)

The structure of the channel coding for CSACCH-T/F is shown in Figure 8.
4.8.1 Block constitution

The user unit delivers to the encoder a bit stream organised in blocks of 184 information bits. To the block of 184 information bits {d(0), d(1), ..., d(183)} one bit is added (d(184)). This additional flag is encoded together with the information bits and it indicates whether the block contains either CSACCH-T/F bits or FACCH-T/F bits. In case of CSACCH-T/F the value of this additional bit is fixed to 0.

4.8.2 Block code

The block coding is done as specified for FACCH-T/F in sub-clause 4.2.2.

4.8.3 Convolutional encoder

The convolutional encoding is done as specified for FACCH-T/F in sub-clause 4.2.3.
4.8.4 Rate matching

The rate matching is done as specified for FACCH-T/F in sub-clause 4.2.4.
4.8.5 Interleaving

The interleaving is done as specified for FACCH-T/F in sub-clause 4.2.5.
4.8.6 Mapping on the RU(s)

The mapping on the RU(s) is done as specified for FACCH-T/F in sub-clause 4.2.6.
4.9 Compressed Slow Associated Control Transport CHannel at Half rate (CSACCH-T/H)

The structure of the channel coding for CSACCH-T/H is shown in Figure 9.
4.9.1 Block constitution

The user unit delivers to the encoder a bit stream organised in blocks of 184 information bits. To the block of 184 information bits {d(0), d(1), ..., d(183)} one bit is added (d(184)). This additional flag is encoded together with the information bits and it indicates whether the block contains either CSACCH-T/H bits or FACCH-T/H bits. In case of CSACCH-T/H the value of this additional bit is fixed to 0.

4.9.2 Block code

The block coding is done as specified for FACCH-T/H in sub-clause 4.3.2.

4.9.3 Convolutional encoder

The convolutional encoding is done as specified for FACCH-T/H in sub-clause 4.3.3.

4.9.4 Rate matching

The rate matching is done as specified for FACCH-T/H in sub-clause 4.3.4.

4.9.5 Interleaving

The interleaving is done as specified for FACCH-T/H in sub-clause 4.3.5.

4.9.6 Mapping on the RU(s)

The mapping on the RU(s) is done as specified for FACCH-T/H in sub-clause 4.3.6.

5
Packet Switched Transport Channels

5.1
PacKet Transport CHannels (PKCH-T CS1 Mode1, PKCH-T CS1 Mode2, PKCH-T CS2 Mode1, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2, PKCH-T CS4 Mode2)

Four different coding schemes are specified for the packet data transport channels: CS1, CS2, CS3 and CS4.

The length Npi of the message delivered to the encoder for the coding scheme CSi (i=1, 2, 3, 4) is equal to:

· Np1=185 bits, CS1;

· Np2=265 bits, CS2.

· Np3=453 bits, CS2.

· Np4=637 bits, CS2.

Coding schemes CS1 and CS2 can be transmitted by using two different modes:

· Mode 1: one basic RU at SF 16 is assigned;

· Mode 2: two basic RUs at SF 16 or one RU at SF 8 are assigned.

Coding schemes CS3 and CS4 shall be transmitted using Mode 2 only.

On the whole six different packet switched transport channels are defined: PKCH-T CS1 Mode1, PKCH-T CS1 Mode2, PKCH-T CS2 Mode1, PKCH-T CS2 Mode2, PKCH-T CS3 Mode2 and PKCH-T CS4 Mode2.

5.1.1 PKCH-T CS1 Mode1, PKCH-T CS2 Mode1

The structure of the channel coding for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 is shown in Figure 13.

5.1.1.1 Block constitution

The message delivered to the encoder has a fixed size of Npi information bits {d(0),d(1),...,d(Npi-1)}. It is delivered on a burst mode. 

5.1.1.2 Block code

a)
Precoding

The first four bits are used for a so-called subchannel concept. These four bits carry sensitive data that indicates the subchannel configuration for the following TDMA frames. Since an error in the detection of these bits results in severe detection errors for the next TDMA frames, they have to be protected much stronger than the other bits. The first four bits d(0), d(1), d(2), d(3) are then protected by three parity bits u’(0), u’(1), u’(2) used for error detection. These bits are added according to a cyclic code using the generator polynomial:

gCRC3(D) = D3 + D + 1

The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d(0)D6+ d(1)D5 + d(2)D4 + d(3)D3 + u’(0)D2+ u’(1)D1 + u’(2)

yields a remainder equal to 0 when divided by gCRC3(D).
The information and parity bits are reordered, defining (Npi information + 3 header parity) bits {d’(0),d’(1),...,d’(Npi+2)} as follows:

d’(k) = d(k)
for k=0,1,2,3

d’(k+4) = u’(k)
for k=0,1,2

d’(k+3) = d(k)
for k=4,…,Npi-1.

The resulting block length, denoted by Np, is equal to Npi+3.

b)
Parity bits
The block of the Np information bits {d’(0), d’(1), ..., d’(Np-1)} is protected by 16 parity bits used for error detection. These parity bits are added to the Np bits using the generator polynomial:

gCRC16(D) = D16 + D12 + D5 + 1
The encoding of the cyclic code is performed in a systematic form, which means that, in GF(2), the polynomial:

d’(0)D(Np-1+16) + d’(1)D(Np-1+16-1) +...+d’(Np-1)D16 + p(0)D15 +...+p(14)D + p(15)
where p(0), p(1),…p(15) are the parity bits, when divided by gCRC16(D), yields a remainder equal to 0.

c)
Tailing bits and reordering

The information and parity bits are reordered, defining Npi information + 3 header parity + 16 parity + 8 tail = Np+24 bits, {u(0),u(1),...,u(Np+23)} defined by:

u(k) = d’(k)

for k = 0,1,...,Np-1

u(Np+k) = p(k)

for k = 0,1, …, 15

u(k) = 0


for k = Np+16, …, Np+23 (tail bits)
5.1.1.3 Convolutional encoder

This block of (Np+24) bits is encoded with the 1/2 rate convolutional code as defined in Annex B, resulting in 2(Np+24) coded bits {C(0), C(1),..., C(2(Np+24)-1)} with

c(2k)

= u(k) + u(k-2) + u(k-3) + u(k-4) + u(k-8)

c(2k+1)
= u(k) + u(k-1) + u(k-2) + u(k-3) + u(k-5) + u(k-7) + u(k-8)

for k= 0, 1, …, (Np+23)     u(k) = 0 for k < 0

The size of data block c(k) after convolutional encoder is 2(Np+24) bits.

5.1.1.4 Rate matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, (2(Np+24)-328) bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A with:

N=2(Np+24);

y=2(Np+24)-328;

Rm=puncturing.

The 328 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(327)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 327
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Figure 13: Structure of the channel coding for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1.

5.1.1.5 Interleaving

The interleaving is done as specified for SDCCH-T Mode1 in sub-clause 4.4.1.5.

5.1.1.6 Mapping on the RU(s)

PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 use burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,87) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,41) = i(B,j=0,1,…,41);

zinput(B,n,j=42,43,…,81) = i(B,j=42,43,…,81);

e(B,n,j=42,43) = hStF(B,j=0,1);

e(B,n,j=44,45,46,47) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
Stealing flag bits hStF(B,j=0,1) transmitted on 4 consecutive TDMA frames (i.e. one PKCH-T interleaving frame) are used to indicate the coding scheme (see TSM 05.02 [5]):

· For CS1, i.e. PKCH-T CS1 Mode1, both stealing flag bits hStF(B,j=0,1) of a burst are equal to 1. Hence, the stealing flags corresponding to one interleaving frame are denoted by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(1,1,1,1,1,1,1,1);
· For CS2, i.e. PKCH-T CS2 Mode1, both stealing flag bits hStF(B,j=0,1) of a burst are equal to 0. Hence, the stealing flags corresponding to one interleaving frame are denoted by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(0,0,0,0,0,0,0,0).
The bit stream e(B,n,k=0,1,…,87) is mapped on 1 RU at SF 16 according to sub-clause 2.1.9.
5.1.2 PKCH-T CS1 Mode2, PKCH-T CS2 Mode2

The structure of the channel coding for PKCH-T CS1 Mode2 and PKCH-T CS2 Mode2 is shown in Figure 14.

5.1.2.1 Block constitution

The block constitution is the one specified for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 in sub-clause 5.1.1.1.
5.1.2.2 Block code

The block coding is done as specified for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 in sub-clause 5.1.1.2.

5.1.2.3 Convolutional encoder

Each block of (Np+24) bits is encoded with the 1/3 rate convolutional code as defined in Annex B resulting in 3(Np+24) coded bits {c(0), c(1),..., c(3(Np+24)-1)} with

c(3k)

= u(k) + u(k-2) + u(k-3) + u(k-5) + u(k-6) + u(k-7) + u(k-8)

c(3k+1)
= u(k) + u(k-1) + u(k-3) + u(k-4) + u(k-7) + u(k-8)

c(3k+2)
= u(k) + u(k-1) + u(k-2) + u(k-5) + u(k-8)

for k= 0, 1, …, (Np+23)     u(k) = 0 for k < 0

The size of data block c(k) after convolutional encoder is 3(Np+24) bits.

5.1.2.4 Rate Matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, abs{3(Np+24)-656} bits are punctured (for CS2) or repeated (for CS1). Puncturing (CS2) or repetition (CS1) are performed using the rate matching algorithm, see Annex A with:

N=3(Np+24);

y=abs{3(Np+24)-656};

Rm=puncturing (CS2), repetition (CS1).

The 656 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(655)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 655

5.1.2.5 Interleaving

The interleaving is done as specified for SDCCH-T Mode2 in sub-clause 4.4.2.5.
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Figure 14: Structure of the channel coding for PKCH-T CS1 Mode2 and PKCH CS2 Mode2.

5.1.2.6 Mapping on the RU(s)

PKCH-T CS1 Mode2 and PKCH-T CS2 Mode2 use burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) can be determined as indicated in sub-clause 2.1.8 by taking into account that:

zinput(B,n,j=0,1,...,83) = i(B,j=0,1,…,83);

zinput (B,n,j=84,85,…,163) = i(B,j=84,85,…,163);

e(B,n,j=84,85,86,87) = hStF(B,j=0,1,2,3);

e(B,n,j=88,89,…,95) = L1 bits (except Stealing Flag bits, see TSM 05.02 [5]).
Stealing flag bits hStF(B,j=0,1) transmitted on 4 consecutive TDMA frames (i.e. one PKCH-T interleaving frame) are used to indicate the coding scheme:

· For CS1, i.e. PKCH-T CS1 Mode2, both stealing flag bits hStF(B,j=0,1) of a burst are equal to 1. Hence, the stealing flags corresponding to one interleaving frame are denoted by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(1,1,1,1,1,1,1,1);
· For CS2, i.e. PKCH-T CS2 Mode2, both stealing flag bits hStF(B,j=0,1) of a burst are equal to 0. Hence, the stealing flags corresponding to one interleaving frame are denoted by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(0,0,0,0,0,0,0,0).
The third and the fourth stealing flag bits are coded as the first and the second respectively, i.e. it results:


hStF(B,j=2) = hStF(B,j=0);


hStF(B,j=3) = hStF(B,j=1);

for all blocks B in output of the interleaving unit (see TSM 05.02 [5]).
The bit stream e(B,n,k=0,1,…,175) is mapped on either 1 RU at SF 8 or 2 RUs at SF 16 according to sub-clause 2.1.9.

5.1.3 PKCH-T CS3 Mode2

The structure of the channel coding for PKCH-T CS3 Mode2 is shown in Figure 15.

5.1.3.1 Block constitution

The block constitution is the one specified for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 in sub-clause 5.1.1.1.
5.1.3.2 Block code

The block coding is done as specified for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 in sub-clause 5.1.1.2.

5.1.3.3 Convolutional encoder

The convolutional encoding is done as specified for PKCH-T CS1 Mode1 and PKCH-T CS2 Mode1 in sub-clause 5.1.1.3.

5.1.3.4 Rate Matching

To adjust the size of the data block c(k) to the size of the block to be inserted in the TDMA frame, abs{2(Np+24)-656} bits are punctured. Puncturing is performed using the rate matching algorithm, see Annex A with:

N=2(Np+24);

y=abs{2(Np+24)-656};

Rm=puncturing.

The 656 bits after rate matching are denoted as {cr(0), cr(1), cr(2), … cr(655)}. The data block m(k) delivered to the interleaving unit is defined by:

m(k) = cr(k)

for k = 0, 1, 2, …, 655
5.1.3.5 Interleaving

The interleaving is done as specified for SDCCH-T Mode2 in sub-clause 4.4.2.5.

5.1.3.6 Mapping on the RU(s)

PKCH-T CS3 Mode2 uses burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) (see sub-clause 2.1.8) is built up as specified for PKCH-T CS1 Mode2 and PKCH-T CS2 Mode2 in sub-clause 5.1.2.6.

Stealing flag bits hStF(B,j=0,1) transmitted on 4 consecutive TDMA frames (i.e. one PKCH-T interleaving frame) are used to indicate the coding scheme. For CS3, i.e. PKCH-T CS3 Mode2, the stealing flags corresponding to one interleaving frame are given by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(0,0,0,0,1,1,1,1).
The third and the fourth stealing flag bits are coded as the first and the second respectively as specified in sub-clause 5.1.2.6.

The bit stream e(B,n,k=0,1,…,175) is mapped on either 1 RU at SF 8 or 2 RUs at SF 16 according to sub-clause 2.1.9.
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Figure 15: Structure of the channel coding for PKCH-T CS3 Mode2.

5.1.4 PKCH-T CS4 Mode2

The structure of the channel coding for PKCH-T CS4 Mode2 is shown in Figure 16.

5.1.4.1 Block constitution

The block constitution is the one specified for PKCH-T CS1 Mode2, PKCH-T CS2 Mode2 and PKCH-T CS3 Mode2 in sub-clause 5.1.1.1.

5.1.4.2 Block code

The block coding is done as specified for PKCH-T CS1 Mode2, PKCH-T CS2 Mode2 and PKCH-T CS3 Mode2 in sub-clause 5.1.1.2, but tailing bits and reordering operations.

5.1.4.3 Convolutional encoder

For PKCH-T CS4 Mode2 the operation of convolutional encoding is not performed.

5.1.4.4 Rate Matching

For PKCH-T CS4 Mode2 the operation of rate matching is not performed.
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Figure 16: Structure of the channel coding for PKCH-T CS4 Mode2.

5.1.4.5 Interleaving

For PKCH-T CS4 Mode2 the operation of interleaving is not performed.

5.1.4.6 Mapping on the RU(s)

PKCH-T CS4 Mode2 uses burst format 1 (see TSM 05.02 [5]). 

The bit stream e(B,n,k=0,1,…,175) (see sub-clause 2.1.8) is built up as specified for PKCH-T CS1 Mode2, PKCH-T CS2 Mode2 and PKCH-T CS3 Mode2 in sub-clause 5.1.2.6.

Stealing flag bits hStF(B,j=0,1) transmitted on 4 consecutive TDMA frames (i.e. one PKCH-T interleaving frame) are used to indicate the coding scheme. For CS4, i.e. PKCH-T CS4 Mode2, the stealing flags corresponding to one interleaving frame are given by:

(hStF(B,j=0,1), hStF(B+1,j=0,1), hStF(B+2,j=0,1), hStF(B+3,j=0,1)) =(1,1,1,1,0,0,0,0).
The third and the fourth stealing flag bits are coded as the first and the second respectively as specified in sub-clause 5.1.2.6.
The bit stream e(B,n,k=0,1,…,175) is mapped on either 1 RU at SF 8 or 2 RUs at SF 16 according to sub-clause 2.1.9.
Annex A (Normative): Rate Matching algorithm

The following algorithm describes how puncturing or repetition is performed. By defining three parameters, the rate matching scheme is fixed.

For rate matching the following parameters have to be specified:

N: the block length before rate matching

y: the absolute value of the difference between input and output block size

Rm: puncturing or repetition

The Rate Matching algorithm is:

if (Rm ==puncturing)
e = 2*N

% initial error between current and desired puncturing ratio

m = 0


% index of the current bit

do while m < N


e = e – 2*y

% update error



if e <= 0 then

% check if bit m should be punctured



puncture bit c(m)

e= e + 2*N

% update error

end if

m = m+ 1

% next bit

end do

else if (Rm == repetition)


e = 2*N

% initial error between current and desired puncturing ratio

m = 0


% index of current bit

do while m < N


e = e – 2*y

% update error



if e <= 0 then

% check if bit m should be punctured



repeat bit c(m)

e= e + 2*N

% update error

end if

m = m+ 1

% next bit

end do

End.
Annex B (Normative): Generator polynomials used for Convolutional Coding

Two kind of convolutional encoders are used: a first one having code rate of 1/2 and a second one having code rate of 1/3. The constraint length is equal to 9 (see Figure 17).

The generator polynomials of the rate R=1/2 encoder are given as follows:

G0 = 1 + D2 + D3 + D4 + D8 

G1 = 1 + D + D2 + D3 + D5 + D7 + D8
The generator polynomials of the rate R=1/3 encoder are given as follows:

G0 = 1 + D2 + D3 + D5 + D6 + D7 + D8
G1 = 1 + D + D3 + D4 + D7 + D8
G2 = 1 + D + D2 + D5 + D8
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Figure 17: Structure of the used convolutional encoders.

Annex C (Normative): Interleaving schemes

C.1 Block Diagonal Interleaving

The block diagonal interleaving rule is given by:

i(B,j) = v(n,k),

k = 0,1,…,Bs -1;

n = 0,1,…,N,N+1,…;

B = B0 + (M/G) * n + (k mod M);

j = G * (X mod (Bs/M)) + ((k mod M) div (M/G));

X = (*(k div M) -(*(k mod M),

where:

Bs is the size of the block in input to the interleaving unit,

v(n,k) is the bit having index k within the nth data block in input to the interleaving unit,

i(B,j) is the bit having index j within the Bth sub-block at the output of the interleaving unit,

B0 marks the first sub-block carrying bits from the data block c(0,-) (first transmitted data block),

M is the number of the sub-blocks in output of the interleaving unit,

,  are parameters which allow to optimise the interleaving gain for a given interleaving depth,

G is the number of jointly interleaved blocks.

C.2 Block Rectangular Interleaving

The block rectangular interleaving rule is given by:

i(B,j) = v(n,k),

k = 0,1,…,Bs -1;

n = 0,1,…,N,N+1,…;

B = B0 + (M/2) * n + (k mod (M/2));

j = 2 * (X mod (Bs/M)) + ((k mod M) div (M/2));

X = (*(k div M) -(*(k mod M),

where:

Bs is the size of the block in input to the interleaving unit,

v(n,k) is the bit having index k within the nth data block in input to the interleaving unit,

i(B,j) is the bit having index j within the Bth sub-block at the output of the interleaving unit,

B0 marks the first sub-block carrying bits from the data block c(0,-) (first transmitted data block),

(M/2) is the number of the sub-blocks in output of the interleaving unit,

,  are parameters which allow to optimise the interleaving gain for a given interleaving depth.

Annex D (Normative): Enhanced Full rate and Half rate Source Encoders parameters

Table 2: Enhanced Full rate Source Encoder output parameters in order of occurrence and bit allocation within the speech frame of 244 bits/20 ms(Parameter names and bit indices refer to GSM 06.60 [2])

	Bits (MSB‑LSB)
	Description

	s(1) – s(7)
	index of 1st LSF submatrix

	s(8) – s(15)
	index of 2nd LSF submatrix

	s(16) – s(23)
	index of 3rd LSF submatrix

	s(24)
	sign of 3rd LSF submatrix

	s(25) – s(32)
	index of 4th LSF submatrix

	s(33) – s(38)
	index of 5th LSF submatrix

	subframe 1

	s(39) – s(47)
	adaptive codebook index

	s(48) – s(51)
	adaptive codebook gain

	s(52)
	sign information for 1st and 6th pulses

	s(53) – s(55)
	position of 1st pulse

	s(56)
	sign information for 2nd and 7th pulses

	s(57) – s(59)
	position of 2nd pulse

	s(60)
	sign information for 3rd and 8th pulses

	s(61) – s(63)
	position of 3rd pulse

	s(64)
	sign information for 4th and 9th pulses

	s(65) – s(67)
	position of 4th pulse

	s(68)
	sign information for 5th and 10th pulses

	s(69) – s(71)
	position of 5th pulse

	s(72) – s(74)
	position of 6th pulse

	s(75) – s(77)
	position of 7th pulse

	s(78) – s(80)
	position of 8th pulse

	s(81) – s(83)
	position of 9th pulse

	s(84) – s(86)
	position of 10th pulse

	s(87) – s(91)
	fixed codebook gain

	subframe 2

	s(92) – s(97)
	adaptive codebook index (relative)

	s(98) – s(141)
	same description as s(48) – s(91)

	subframe 3

	s(142) – s(194)
	same description as s(39) – s(91)

	subframe 4

	s(195) – s(244)
	same description as s(92) – s(141)


Table 3: Ordering of enhanced full rate speech parameters for the channel encoder
(subjective importance)
(Parameter names refers to GSM 06.60 [2])

	Description
	Bit index s(k)

(Table 2)
	Bit index within parameter

	CLASS 1a: 65 bits (protected by 8 bit CRC code)
	
	

	LTP‑LAG 1
	39-44
	b8, b7, b6, b5, b4, b3

	LTP‑LAG 3
	142-147
	b8, b7, b6, b5, b4, b3

	LTP‑LAG 2
	92-93
	b5, b4

	LTP‑LAG 4
	195-196
	b5, b4

	LTP‑GAIN 1
	48
	b3

	FCB‑GAIN 1
	87
	b4

	LTP‑GAIN 2
	98
	b3

	FCB‑GAIN 2
	137
	b4

	LTP‑LAG 1
	45
	b2

	LTP‑LAG 3
	148
	b2

	LTP‑LAG 2
	94
	b3

	LTP‑LAG 4
	197
	b3

	LPC 1
	2-3
	b5, b4

	LPC 2
	8
	b7

	LPC 2
	10
	b5

	LPC 3
	18-19
	b6, b5

	LPC 3
	24
	b0

	LTP‑LAG 1
	46-47
	b1, b0

	LTP‑LAG 3
	149-150
	b1, b0

	LTP‑LAG 2
	95
	b2

	LTP‑LAG 4
	198
	b2

	LPC 1
	4-5
	b3, b2

	LPC 2
	11-12
	b4, b3

	LPC 3
	16
	b8

	LPC 2
	9
	b6

	LPC 1
	6-7
	b1, b0

	LPC 2
	13
	b2

	LPC 3
	17
	b7

	LPC 3
	20
	b4

	LTP‑LAG 2
	96
	b1

	LTP‑LAG 4
	199
	b1

	LPC 1
	1
	b6

	LPC 2
	14-15
	b1, b0

	LPC 3
	21
	b3

	LPC 4
	25-26
	b7, b6

	LPC 4
	28
	b4

	LTP‑GAIN 3
	151
	b3

	LTP‑GAIN 4
	201
	b3

	FCB‑GAIN 3
	190
	b4

	FCB‑GAIN 4
	240
	b4

	FCB‑GAIN 1
	88
	b3

	FCB‑GAIN 2
	138
	b3

	FCB‑GAIN 3
	191
	b3

	FCB‑GAIN 4
	241
	b3

	CLASS 1b: 117 bits (protected)
	
	

	LTP‑GAIN 1
	49
	b2

	
	
	

	


Table 3 (continued): Ordering of enhanced full rate speech parameters for the channel encoder
(subjective importance)
(Parameter names refers to GSM 06.60 [2])

	Description
	Bit index s(k)

(Table 2)
	Bit index within parameter

	LTP‑GAIN 2
	99
	b2

	LTP‑GAIN 3
	152
	b2

	LTP‑GAIN 4
	202
	b2

	LPC 3
	22-23
	b2, b1

	LPC 4
	27
	b5

	LPC 4
	29
	b3

	PULSE 1_1
	52
	b3

	PULSE 1_2
	56
	b3

	PULSE 1_3
	60
	b3

	PULSE 1_4
	64
	b3

	PULSE 1_5
	68
	b3

	PULSE 2_1
	102
	b3

	PULSE 2_2
	106
	b3

	PULSE 2_3
	110
	b3

	PULSE 2_4
	114
	b3

	PULSE 2_5
	118
	b3

	PULSE 3_1
	155
	b3

	PULSE 3_2
	159
	b3

	PULSE 3_3
	163
	b3

	PULSE 3_4
	167
	b3

	PULSE 3_5
	171
	b3

	PULSE 4_1
	205
	b3

	PULSE 4_2
	209
	b3

	PULSE 4_3
	213
	b3

	PULSE 4_4
	217
	b3

	PULSE 4_5
	221
	b3

	FCB‑GAIN 1
	89
	b2

	FCB‑GAIN 2
	139
	b2

	FCB‑GAIN 3
	192
	b2

	FCB‑GAIN 4
	242
	b2

	LTP‑GAIN 1
	50
	b1

	LTP‑GAIN 2
	100
	b1

	LTP‑GAIN 3
	153
	b1

	LTP‑GAIN 4
	203
	b1

	LPC 4
	30 - 32
	b2, b1, b0

	LPC 5
	33 - 36
	b5, b4, b3, b2

	LTP‑LAG 2
	97
	b0

	LTP‑LAG 4
	200
	b0

	PULSE 1_1
	53
	b2

	PULSE 1_2
	57
	b2

	
	
	

	


Table 3 (continued): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance)
(Parameter names refers to GSM 06.60 [2])

	Description
	Bit index s(k)

(Table 2)
	Bit index within parameter

	PULSE 1_3
	61
	b2

	PULSE 1_4
	65
	b2

	PULSE 1_5
	69
	b2

	PULSE 2_1
	103
	b2

	PULSE 2_2
	107
	b2

	PULSE 2_3
	111
	b2

	PULSE 2_4
	115
	b2

	PULSE 2_5
	119
	b2

	PULSE 3_1
	156
	b2

	PULSE 3_2
	160
	b2

	PULSE 3_3
	164
	b2

	PULSE 3_4
	168
	b2

	PULSE 3_5
	172
	b2

	PULSE 4_1
	206
	b2

	PULSE 4_2
	210
	b2

	PULSE 4_3
	214
	b2

	PULSE 4_4
	218
	b2

	PULSE 4_5
	222
	b2

	PULSE 1_1
	54
	b1

	PULSE 1_2
	58
	b1

	PULSE 1_3
	62
	b1

	PULSE 1_4
	66
	b1

	PULSE 2_1
	104
	b1

	PULSE 2_2
	108
	b1

	PULSE 2_3
	112
	b1

	PULSE 2_4
	116
	b1

	PULSE 3_1
	157
	b1

	PULSE 3_2
	161
	b1

	PULSE 3_3
	165
	b1

	PULSE 3_4
	169
	b1

	PULSE 4_1
	207
	b1

	PULSE 4_3
	215
	b1

	PULSE 4_4
	219
	b1

	FCB‑GAIN 1
	90
	b1

	FCB‑GAIN 2
	140
	b1

	FCB‑GAIN 3
	193
	b1

	FCB‑GAIN 4
	243
	b1

	LTP‑GAIN 1
	51
	b0

	LTP‑GAIN 2
	101
	b0

	LTP‑GAIN 3
	154
	b0

	LTP‑GAIN 4
	204
	b0

	FCB‑GAIN 1
	91
	b0

	FCB‑GAIN 2
	141
	b0

	FCB‑GAIN 3
	194
	b0

	FCB‑GAIN 4
	244
	b0

	PULSE 1_1 
	55
	b0

	PULSE 1_2
	59
	b0

	PULSE 1_3
	63
	b0

	PULSE 1_4
	67
	b0

	PULSE 2_1
	105
	b0

	PULSE 2_2
	109
	b0

	PULSE 2_3
	113
	b0

	PULSE 2_4
	117
	b0

	PULSE 3_1
	158
	b0

	PULSE 3_2
	162
	b0

	PULSE 3_3
	166
	b0

	
	
	

	
	
	(continued)


Table 3 (continued): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance)
(Parameter names refers to GSM 06.60 [2])

	Description
	Bit index s(k)

(Table 2)
	Bit index within parameter

	PULSE 3_4
	170
	b0

	PULSE 4_1
	208
	b0

	PULSE 4_3
	216
	b0

	PULSE 4_4
	220
	b0

	LPC 5
	37-38
	b1, b0

	PULSE 1_5
	70
	b1

	PULSE 2_5
	120
	b1

	PULSE 3_5
	173
	b1

	PULSE 4_5
	223
	b1

	PULSE 4_2
	211-212
	b1, b0

	PULSE 1_5
	71
	b0

	PULSE 2_5
	121
	b0

	CLASS 2: 62 bits (unprotected)
	
	

	PULSE 3_5
	174
	b0

	PULSE 4_5
	224
	b0

	PULSE 1_6
	72
	b2

	PULSE 1_7
	75
	b2

	PULSE 1_8
	78
	b2

	PULSE 1_9
	81
	b2

	PULSE 1_10
	84
	b2

	PULSE 2_6
	122
	b2

	PULSE 2_7
	125
	b2

	PULSE 2_8
	128
	b2

	PULSE 2_9
	131
	b2

	PULSE 2_10
	134
	b2

	PULSE 3_6
	175
	b2

	PULSE 3_7
	178
	b2

	PULSE 3_8
	181
	b2

	PULSE 3_9
	184
	b2

	PULSE 3_10
	187
	b2

	PULSE 4_6
	225
	b2

	PULSE 4_7
	228
	b2

	PULSE 4_8
	231
	b2

	PULSE 4_9
	234
	b2

	PULSE 4_10
	237
	b2

	PULSE 1_6
	73
	b1

	PULSE 1_7
	76
	b1

	PULSE 1_8
	79
	b1

	PULSE 1_9
	82
	b1

	PULSE 1_10
	85
	b1

	PULSE 2_6
	123
	b1

	PULSE 2_7
	126
	b1

	PULSE 2_8
	129
	b1

	PULSE 2_9
	132
	b1

	PULSE 2_10
	135
	b1

	PULSE 3_6
	176
	b1

	PULSE 3_7
	179
	b1

	PULSE 3_8
	182
	b1

	PULSE 3_9
	185
	b1

	PULSE 3_10
	188
	b1

	PULSE 4_6
	226
	b1

	PULSE 4_7
	229
	b1

	
	
	

	
	
	(continued)


Table 3(concluded): Ordering of enhanced full rate speech parameters for the channel encoder (subjective importance)
(Parameter names refers to GSM 06.60 [2])

	Description
	Bit index s(k)

(Table 2)
	Bit index within parameter

	PULSE 4_8
	232
	b1

	PULSE 4_9
	235
	b1

	PULSE 4_10
	238
	b1

	PULSE 1_6
	74
	b0

	PULSE 1_7
	77
	b0

	PULSE 1_8
	80
	b0

	PULSE 1_9
	83
	b0

	PULSE 1_10
	86
	b0

	PULSE 2_6
	124
	b0

	PULSE 2_7
	127
	b0

	PULSE 2_8
	130
	b0

	PULSE 2_9
	133
	b0

	PULSE 2_10
	136
	b0

	PULSE 3_6
	177
	b0

	PULSE 3_7
	180
	b0

	PULSE 3_8
	183
	b0

	PULSE 3_9
	186
	b0

	PULSE 3_10
	189
	b0

	PULSE 4_6
	227
	b0

	PULSE 4_7
	230
	b0

	PULSE 4_8
	233
	b0

	PULSE 4_9
	236
	b0

	PULSE 4_10
	239
	b0


Table 4: Subjective importance of encoded bits for TCH-T/HS for unvoiced speech frames (Parameter names and bit indices refer to GSM 06.20 [3])

	Parameter
	Bit
	Label
	Class

	name
	index
	
	

	R0
	1
	d0
	

	LPC 3
	7
	d1
	

	GSP 0‑1
	2
	d2
	

	GSP 0‑2
	2
	d3
	

	GSP 0‑3
	2
	d4
	

	GSP 0‑4
	2
	d5
	

	LPC 1
	0
	d6
	

	LPC 2
	5...1
	d7...d11
	

	LPC 3
	6...1
	d12...
	

	Code 1‑2
	0
	
	

	Code 2‑2
	6...0
	
	

	Code 1‑3
	6...0
	
	1

	Code 2‑3
	6...3
	
	

	LPC3
	0
	
	without

	R0
	0
	
	parity

	INT‑LPC
	0
	
	check

	Code 1‑2
	1...6
	
	

	Code 2‑1
	0...6
	
	

	Code 1‑1
	0...6
	
	

	GSP 0‑4
	0
	
	

	GSP 0‑3
	0
	
	

	GSP 0‑2
	0
	
	

	GSP 0‑1
	0
	
	

	LPC 2
	0
	
	

	GSP 0‑4
	1
	
	

	GSP 0‑3
	1
	
	

	GSP 0‑2
	1
	
	

	GSP 0‑1
	1
	
	

	LPC 1
	1...4
	...d72
	

	LPC 1
	5
	d73...
	

	GSP 0‑4
	3
	
	

	GSP 0‑3
	3
	
	

	GSP 0‑2
	3
	
	

	GSP 0‑1
	3
	
	

	LPC2
	6...8
	
	1

	GSP 0‑4
	4
	
	

	GSP 0‑3
	4
	
	with

	GSP 0‑2
	4
	
	parity

	GSP 0‑1
	4
	
	check

	LPC 1
	6...9
	
	

	R0
	2
	
	

	LPC 1
	10
	
	

	R0
	3,4
	
	

	Mode
	0,1
	...d94
	

	Code 2‑4
	0...6
	d95...
	

	Code 1‑4
	0...6
	
	2

	Code 2‑3
	0...2
	...d111
	


Table 5: Subjective importance of encoded bits for TCH-T/HS for voiced speech frames (Parameter names and bit indices refer to GSM 06.20 [3])

	Parameter name
	Bit index
	Label
	Class
	
	Parameter name
	Bit index
	Label
	Class

	LPC 1
	2,1
	d0, d1
	
	
	LAG 3
	3
	d73...
	

	LPC 2
	6...4
	d2...
	
	
	LAG 2
	3
	
	

	GSP 0‑1
	4
	
	
	
	LAG 1
	3,4
	
	1

	GSP 0‑2
	4
	
	
	
	LPC 2
	7,8
	
	

	GSP 0‑3
	4
	
	
	
	LPC 1
	3...6
	
	with

	GSP 0‑4
	4
	
	
	
	R0
	2
	
	parity

	GSP 0‑1
	3
	
	
	
	LAG 1
	5...7
	
	check

	GSP 0‑2
	3
	
	
	
	LPC 1
	7...10
	
	

	GSP 0‑3
	3
	
	
	
	R0
	3,4
	
	

	GSP 0‑4
	3
	
	
	
	Mode
	0,1
	...d94
	

	GSP 0‑1
	2
	
	
	
	Code 4
	0...8
	d95...
	2

	GSP 0‑2
	2
	
	
	
	Code 3
	0...7
	...d111
	

	GSP 0‑3
	2
	
	
	
	
	
	
	

	GSP 0‑4
	2
	
	
	
	
	
	
	

	Code 1
	8...0
	
	
	
	
	
	
	

	Code 2
	8...5
	
	
	
	
	
	
	

	Code 2
	2...0
	
	
	
	
	
	
	

	Code 3
	8
	
	
	
	
	
	
	

	Code 2
	4,3
	
	
	
	
	
	
	

	GSP 0‑1
	1
	
	
	
	
	
	
	

	GSP 0‑2
	1
	
	
	
	
	
	
	

	GSP 0‑3
	1
	
	
	
	
	
	
	

	GSP 0‑4
	1
	
	1
	
	
	
	
	

	GSP 0‑1
	0
	
	
	
	
	
	
	

	GSP 0‑2
	0
	
	without
	
	
	
	
	

	GSP 0‑3
	0
	
	parity
	
	
	
	
	

	GSP 0‑4
	0
	
	check
	
	
	
	
	

	INT‑LPC
	0
	
	
	
	
	
	
	

	LPC 2
	0
	
	
	
	
	
	
	

	LPC 3
	0
	
	
	
	
	
	
	

	LAG 4
	0
	
	
	
	
	
	
	

	LPC 3
	1
	
	
	
	
	
	
	

	LPC 2
	1
	
	
	
	
	
	
	

	LAG 4
	1
	
	
	
	
	
	
	

	LAG 3
	0
	
	
	
	
	
	
	

	LAG 2
	0
	
	
	
	
	
	
	

	LAG 1
	0
	
	
	
	
	
	
	

	LAG 4
	2
	
	
	
	
	
	
	

	LAG 3
	1
	
	
	
	
	
	
	

	LAG 2
	1
	
	
	
	
	
	
	

	LAG 1
	1
	
	
	
	
	
	
	

	LPC 3
	2...4
	
	
	
	
	
	
	

	LPC 2
	2
	
	
	
	
	
	
	

	LPC 3
	5,6
	
	
	
	
	
	
	

	LPC 2
	3
	
	
	
	
	
	
	

	R0
	0
	
	
	
	
	
	
	

	LPC 3
	7
	
	
	
	
	
	
	

	LPC 1
	0
	
	
	
	
	
	
	

	LAG 4
	3
	
	
	
	
	
	
	

	LAG 3
	2
	
	
	
	
	
	
	

	LAG 2
	2
	
	
	
	
	
	
	

	LAG 1
	2
	
	
	
	
	
	
	

	R0
	1
	...d72
	
	
	
	
	
	


Annex E (Informative): Summary of Transport Channel Types

BCCH-T:


broadcast control transport channel

CCCH-T:


common control transport channel

CSACCH-T/F:


compressed slow associated control transport channel at full rate

CSACCH-T/H:


compressed slow associated control transport channel at half rate

FACCH-T/F:


fast associated control transport channel at full rate

FACCH-T/H:


fast associated control transport channel at half rate

PKCH-T CS1 Mode1:
packet switched transport channel, CS1 Mode1

PKCH-T CS1 Mode2:
packet switched transport channel, CS1 Mode2

PKCH-T CS2 Mode1:
packet switched transport channel, CS2 Mode1

PKCH-T CS2 Mode2:
packet switched transport channel, CS2 Mode2

PKCH-T CS3 Mode2:
packet switched transport channel, CS3 Mode2

PKCH-T CS4 Mode2:
packet switched transport channel, CS4 Mode2

SACCH-T:


slow associated control transport channel

SB-T:


single burst transport channel

SDCCH-T/3 Mode1:

stand alone dedicated control transport channel, Mode1 (3 users, see TSM 05.02 [5])

SDCCH-T/6 Mode1:

stand alone dedicated control transport channel, Mode1 (6 users, see TSM 05.02 [5])

SDCCH-T/3 Mode2:

stand alone dedicated control transport channel, Mode2 (3 users, see TSM 05.02 [5])

SDCCH-T/6 Mode2:

stand alone dedicated control transport channel, Mode2 (6 users, see TSM 05.02 [5])

TCH-T/EFS:


enhanced full rate speech transport channel

TCH-T/F9.6M:


9.6 kbit/s full rate data transport channel (main signalling link)

TCH-T/F9.6:


9.6 kbit/s full rate data transport channel

TCH-T/F14.4M:


14.4 kbit/s full rate data transport channel (main signalling link)

TCH-T/F14.4:


14.4 kbit/s full rate data transport channel

TCH-T/HS:


half rate speech transport channel

Annex F (Normative): Bit Scrambling Algorithm

The bits in output of the multiplexing unit are scrambled in the bit scrambler. The bits in input to the bit scrambler are denoted by z1, z2, z3,…zS, where S is the total number of bits in input to the bit scrambling block. The bits after bit scrambling block are denoted e1, e2, e3,…eS.

Bit scrambling rule is defined by the following relation:


 ek = zk ( pk,
k=1,2,…,S
and pk results from the following operation:

                                     16


pk = [( gi ( pk-i ]mod2;
pk = 0, k( 1; p1 = 1;  g = (0,0,0,0,0,0,0,0,0,0,1,0,1,1,0,1(
                                        i = 1
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Figure 7. TCH/FS channel coding using a TD-SCDMA solution.
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