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1. Introduction

In [1], the detail TFCI bits repetition encoding (symbol repetition) is explained in downlink channels whose
spreading factor is less than 128. However, it is supposed that the sequence repetition of TFCI bits is
superior to the symbol repetition of TFCI bits in terms of error-rate. Also the interleaving of TFCI bits can be
more superior to the sequence and symbol repetition.

2. Proposal

In downlink channels whose spreading factor is less than 128, Four times repetition of TFCI bits are required
in order to obtain the reasonable TFCI error rate [1]. However, there is no concrete information about the
repetition rule of TFCI bits in downlink channels whose spreading factor is less than 128.

Nokia [2] proposes the symbol repetition for the repetition rule of TFCI bits in order to make the rule
obvious. This proposal is very useful information to let the specification more clear. However, the symbol
repetition seems to not be best in terms of TFCl decoding performance. So it is required that the more
better repetition such as interleaving are applied to the repetition of TFCI bits.

The simplest interleaving is the sequence repetition, i.e., {a1, a, ..., azd} is repeated as {ai, az, ..., az, au,
az, ..., az, ai, ay, ..., azv, ai, az, ..., az}. This sequence repetition is the same as 4X30 rectangular block

interleaving. This interleaving is conceptually the simplest one but can not be optimum in terms of TFCI

decoding performance.

So we propose that the TFCI bits should be symbol-repeated and interleaved in downlink channels whose
spreading factor is less than 128. The interleaving pattern can be further studied, but one example is
sequence repetition, 4X30 rectangular block interleaving.

Also we present the related text proposal in [1], when the sequence repetition are applied to TFCI bits

3. Text Proposal

Text Proposal start



4.3 Coding for layer 1 control

4.3.1 Coding of Transport-format-combination indicator (TFCI)

The number of TFCI bitsis variable and is set at the beginning of the call via higher layer signalling. Encoding of the TFCI
bits depends on the number of them. If there are at most 6 bits of TFCI, the channel encoding is done as described in section 0.
Correspondingly, if the TFCI word is extended to 7-10 bits the channel encoding is done as explained in the section 0. For
improved TFCI detection reliability, in downlink, repetition is used by increasing the number of TFCI bits within a lot.

4.3.1.1 Coding of default TFCI word

If the number of TFCI bitsisup to 6, the TFCI bits are encoded using punctured biorthogonal (30, 6) block code. The coding
procedureis as shown in Figure 1.
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Figure 1: Channel coding of TFCI bits

If the TFCI consist of less than 6 bits, it is padded with zeros to 6 bits, by setting the most significant bitsto zero. The receiver
can use the information that not all 6 bits are used for the TFCI, thereby reducing the error rate in the TFCI decoder. The
length of the TFCI code word is 30 bits. Thus there are 2 bits of (encoded) TFCI in every dot of the radio frame.

The TFCI bits are first encoded using biorthogonal (32, 6) code. The code words of the biorthogonal block code are from the
level 32 of the code three of OV SF codes defined in document TS 25.213. The code words, Cg,, , 1 =1,...,32, forman

orthogonal set, Sc,, = {C32,1, Cso ,...,C32,32} , of 32 code words of length 32 bits. By taking the binary complements of the

codewords of Sc,, , another set, S, = {532,1, Caxo ,...,(_332,32} is formed. These two sets are mutually biorthogonal yielding
total of 64 different code words.

Mapping of the TFCI bits to the biorthogonal code words is done as shown in the Figure 2.

TFCI MSB 32 bits LSB
bits < >
000000 — Ca t
000001 — Ca1
000010 — Caz
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Figure 2: Mapping of TFCI bits to biorthogonal code words

Biorthogonal code words, C32,i and C_Zng , are encoded into TFCI code words of length 30 bits by puncturing the two least
significant bits (i.e. the two last bits on right in the Figure 2).



In downlink, when the SF is lower then 128 the encoded and punctured TFCI code words are repeated four times yielding 8
encoded TFCI bits per dot. Mapping of repeated bitsto sotsis explained in section 4.3.3.1.

4.3.1.2 Coding of extended TFCI word

If the number of TFCI bitsis 7-10 the TFCI information field is split into two words of length 5 bits as shown in the following
formula .

n:= e" JTFCI C; nisthelargest integer being smaller than or equal to the square root of the transmitted TFCI value.

if TFCl <n®+n
then Word1:=n: Word2:=TFCI - n?

dse Word2:=n: Wordl:= n? +2n- TFCI

Both of the words are first encoded using biorthogonal (16, 5) block code. The code words of the biorthogona (16, 5) code are
from two mutually biorthogonal sets, Sc,, = {Ci61,Cis.2+--Cig16} @nd its binary complement, Sc = {516,1,616,2,...,516,16}.
Wordsof set Sc . are from the level 16 of the code three of OV SF codes defined in document TS 25.213. The mapping of
information bits to code words is shown in the Table 1.

Table 1: Mapping of information bits to code words for biorthogonal (16, 5) code

Infor mation bits Codeword
00000 Cis1
00001 516’1
00010 Cus.2
11101 516’15
11110 Cis16
11111 516’16

Biorthogona code words, Cle’i and C_:le,i , are then encoded into TFCI code words of length 15 bits by puncturing the least
significant bit (i.e. the rightmost hit).

In downlink, when the SF is lower then 128 the encoded and punctured extended TFCI code words are repeated four times
yielding 8 encoded TFCI hits per dot. Mapping of repeated bits to slotsis explained in section 4.3.3.2.

4.3.2 Operation of Transport-format-combination indicator (TFCI) in soft handover
In the case of DCH in soft handover situation, each Node B shall transmit the identical (30,6) code word for the UE.

In the case of extended TFCI coding, the Node B shall operate with one of the following modes:

Both words are identical from all links

If one of the linksis associated with a DSCH, the TFCI code word may be split in such away that the code word relevant
for TFCI activity indication is not transmitted from every Node B. The use of such afunctionality shall be indicated by
higher layer signalling.



4.3.3.Interleaving of TFCI words

4.3.3.1 Interleaving of default TFCI word

Asonly one code word for TFCI of maximum length of 6 bits is needed no channel interleaving for the encoded bits are done.
Instead, the bits of the code word are directly mapped to the dots of the radio frame as depicted in the Figure 3. Within a dot
the more significant bit is transmitted before the less significant bit.
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Figure 3: Time multiplexing of code words of (30, 6) code to the slots of the radio frame
For downlink physical channels whose SF is lower than 128, hits of the TFCI code words are repeated and mapped to dots as

shown in the Table x. Code word bits are denoted as b j, where subscript i, indicates bit position in the code word (i=29 is the
MSB hit) and subscript j indicates bit repetition. In each slot transmission order of the bitsis from left to right in the Table x.

Table x. Mapping order of repetition encoded TFCI code word bits into slots (default TFCI).

Slot TFCI code word bits
0 bog1 | bagy | Do71 | b1 | basy | Doa1 | b2zs | b2y
1 b21,1 b20,1 b19,1 b18,1 b17,1 b16,1 b15,1 b14,1
2 b13,1 blZ,l bll,l b10,1 b9,1 b8,1 b7,1 bG,l
3 bs; | bas | bay | boy | b1y | boi | bago | bog2
4 b272 | bas2 | Das2 | Doaz | Daza | Daoz | Daia | bao2
5 Pioo | bigz | D172 | bis2 | Disp | Doz | bizo | b2
6 Puo | b2 | Doz | bga | bro | be2 | bso | bao
7 bso | bao | bio | bo2 | bags | bogs | Do73 | boes
8 P25z | D2as | Dass | boaz | boiz | baos | Digs | Digs
9 bi73 | bz | Disz | bias | bizz | Doz | busz | bigs
10 bos | bgs | brs | bes | bss | baz | b3z | D23
11 b1z | boz | b2os | baga | D27s | D2ss | Dosa | b2as
12 D234 | P24 | bora | D204 | Dioa | Pigs | biza | biea
13 b15,4 b14,4 b13,4 b12,4 b11,4 b10,4 b9,4 b8,4
14 b7,4 b6,4 b5,4 b4,4 b3,4 b2,4 b1,4 b0,4




4.3.3.2 Interleaving of extended TFCI word

After channel encoding of the two 5 bit TFCI words there are two code words of length 15 bits. They are interleaved and
mapped to DPCCH as shown in the Figure 4. Note that b,; and b,; denote the bit i of code word 1 and code word 2,

respectively.

Write R
MSB » LSB
b1,14|b1,13 e o o b1o
Read
b2,14 b2,13 [ [ [ b2,0
b b b
DPCCH 1,14 | D2,14 113 | D213 o o o 10 | P20
Slot 0 Slot 1 Slot 14

Figure 4: Interleaving of extended TFCI code words

For downlink physical channels whose SF is lower than 128, bits of the extended TFCI code words are repeated and mapped to
k
(A
indicates bit position in the code word (i=14 is the MSB hit) and subscript j indicates bit repetition. In each dot transmission
order of the bitsisfrom left to right in the Tabley.

dots as shown in the Table y. Code word bits are denoted as where subscript k indicates the code word, subscript i

Table y. Mapping order of repetition encoded TFCI code word bits into slots (extended TFCI).

Slot TFCI code word bits
0 b114 1 b113 1 b112 1 blll 1 b114 2 b113 2 b112 2 blll 2
1 b110 1 bé) 1 bél b%l b110 2 bé) 2 bé 2 b% 2
2 | bgy | by | by, | bgy [ bg, | b5, | bi | b3,
3 b; 1 blll bél b124 1 béZ b112 bé 2 b124 2
4 b123 1 b122 1 b1211 b120 1 b123 2 b122 2 b121 2 b120 2
5 | bg, | b5, | b7, | bg [ b, | b5, | b7, | b,
6 | b3y | b, | b3 | b3 | bE, | bi, | b3, | bZ,
7 b121 bg 1 b134,1 b133 1 b122 bg 2 b134 2 b133 2
8 b132 1 b131 1 b130,1 bg 1 b132 2 b131 2 b130 2 bg 2
9 | bg | by | bgy | bsy | bs, | b7, | bgy | b,
10 | b3y | b3y | b3y | b3 | b3, | b3, | b3, | b
1 bg 1 blil 1 bf3 1 bfZl bg 2 blil 2 b143 2 b142 2
12 bﬁ 1 b1‘(1) 1 bg 1 bg 1 bﬁ 2 b1‘(12) 2 bg 2 bg 2
13 | bry | ber | b5y | ba; | b7, | bso | b5, | bi,
14 | b3y | by | b | bgy | bsp | by | b | bg,
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