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1. Introduction

In the previous meeting #7, there were two contribution papers related to the TFCI repetition when the spreading factor is less than 128 in downlink. The symbol repetition of TFCI by Nokia[1] was accepted as working assumption because of its simplicity. Also it was determined that the word repetition of TFCI by ETRI[2] is for further study. 

According to the result of the previous Ad Hoc #4 meeting, we present the simulation results comparing the two different repetition schemes of TFCI. Also the text proposal is included in this paper.

2. Simulation results
In this section, some simulation results are presented. Figure 1-3 show the performance comparison between symbol repetition and word repetition of TFCI under the various simulation conditions.

Figure 1 shows the comparison of performances between symbol repetition and word repetition (i.e., repetition word-by-word) under the following simulation conditions. 

· TFCI bits: 6 bits(Maximum TFCI value=63)

· TFCI coding: the current TFCI encoding rule

· Spreading factor: 64 

· Rayleigh fading channel with 2 paths 

· Perfect channel estimation

· Mobile speed: 120 km/h

· Without power control

From the simulation results, it can be found that the word repetition is superior to the symbol repetition by about 0.3 dB @ TFCI Frame Error rate=10E-3. Here Eb/No represents the ratio of TFCI bit energy to Noise. This gain may be obtained by increasing the reliability of each demodulated symbol through word repetition. Therefore, the word repetition will be superior to the symbol repetition under the other simulation conditions because the former has a characteristics of time-diversity (its effect is similar to that of channel interleaving).

Figure 2 shows the comparison of performances between symbol repetition and word repetition under the simulation conditions same as the above, except for the 10 bit TFCI case. In this case, the word repetition is also superior to the symbol repetition by about 0.4 dB @ TFCI Frame Error rate=10E-2. So it can be found out that word repetition has some gains over symbol repetition both for default TFCI (up to 6 bits) and for extended TFCI (7-10 bits). 
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Figure 1. Performance comparison of two TFCI repetition schemes without power control (6 bit TFCI, No transmit diversity)
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Figure 2. Performance comparison of two TFCI repetition schemes without power control (10 bit TFCI, No transmit diversity)
In the above simulation conditions, the closed-loop power control isn’t considered. If the power control is applied to the simulation, the gains from word repetition will be decreased because the ideal power control changes the fading channel into AWGN-like channel and there is no gain of word repetition in AWGN channel. Therefore, the performance of symbol repetition is the upper bound of that of word repetition.

Figure 3 shows the comparison of performances between symbol repetition and word repetition under the simulation conditions same as the above, except for the defualt TFCI case and with power control. From the figure 3, the gains of word repetition over symbol repetition are less than 0.2 dB, which is less than those of figure 1 and 2. 
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Figure 3. Performance comparison of two TFCI repetition schemes with power control (6 bit TFCI)

From the above simulation results, it is clear that the word repetition has some gains over symbol repetition of encoded TFCI symbol (0.3 ~ 0.4 dB for power control, about 0.2 dB for no power control). 

Our simulation doesn’t include the case of split mode. However, the gains of word repetition will be obtained because the demodulated symbols are more reliable for word repetition than for symbol repetition. 

On the other hand, the additional complexities are very minor for word repetition. So the performance gains can sufficiently compensate for the very minor complexity for word repetition. 

3. Text Proposal
--------------------------------- Text proposal --------------------------

4.3 Coding for layer 1 control

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

The number of TFCI bits is variable and is set at the beginning of the call via higher layer signalling. For improved TFCI detection reliability, in downlink, repetition is used by increasing the number of TFCI bits within a slot.
The TFCI bits are encoded using (30, 10) punctured sub-code of the second order Reed-Muller code. The coding procedure is as shown in Figure 10
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Figure 10: Channel coding of TFCI bits
If the TFCI consist of less than 10 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zero. The receiver can use the information that not all 10 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 slot of the radio frame.
Firstly, TFCI is encoded by the (32,10) sub-code of second order Reed-Muller code. The code words of the (32,10) sub-code of second order Reed-Muller code are linear combination of 10 basis sequences: all 1’s, 5 OVSF codes (C32,1 , C32,2 , C32,4 , C32,8 , C32,16 ), and 4 masks (Mask1, Mask2, Mask3, Mask4). The 4 mask sequences are as following Table 7.
Table 7: Mask sequences

Mask 1
00101000011000111111000001110111

Mask 2
00000001110011010110110111000111

Mask 3
00001010111110010001101100101011

Mask 4
00011100001101110010111101010001

For information bits a0 , a1 , a2 , a3 , a4 , a5 , a6 , a7 , a8 , a9 (a0 is LSB and a9 is MSB), the encoder structure is as following Figure 11.
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Figure 11: Encoder structure for (32,10) sub-code of second order Reed-Muller code
Then, the code words of the (32,10) sub-code of second order Reed-Muller code are punctured into length 30 by puncturing 1st and 17th bits.
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 slot. Mapping of repeated bits to slots is explained in section 0.
4.3.2 Operation of Transport-format-combination indicator (TFCI) in Split Mode

4.3.3. Mapping of TFCI words
4.3.3.1 Mapping of TFCI word
As only one code word for TFCI is needed no channel interleaving for the encoded bits are done. Instead, the bits of the code word are directly mapped to the slots of the radio frame as depicted in the Figure 3.. Within a slot the more significant bit is transmitted before the less significant bit.
In compressed mode all the TFCI bits are reallocated into the remaining slots. However, the same principle of transmitting the most significant bit first is valid.
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Figure 12: Mapping of TFCI code words to the slots of the radio frame
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Figure 13: Mapping of TFCI code words to the slots of a compressed radio frame of 11 slots.
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Figure 14: Mapping of TFCI code words to the slots of a compressed radio frame of 12 slots.
For downlink physical channels whose SF is lower than 128, bits of the TFCI code words are repeated word by word and mapped to slots as shown in the Table 9. Code word bits are denoted as bi, j, where subscript i, indicates bit position in the code word (i=29 is the MSB bit) and subscript j indicates bit repetition. In each slot transmission order of the bits is from left to right in the Table 9.
Table 9: Mapping order of repetition encoded TFCI code word bits into slots.


























































































































































Slot
TFCI code word bits

0
b29,1
b28,1
b27,1
b26,1
b25,1
b24,1
b23,1
b22,1

1
b21,1
b20,1
b19,1
b18,1
b17,1
b16,1
b15,1
b14,1

2
b13,1
b12,1
b11,1
b10,1
b9,1
b8,1
b7,1
b6,1

3
b5,1
b4,1
b3,1
b2,1
b1,1
b0,1
b29,2
b28,2

4
b27,2
b26,2
b25,2
b24,2
b23,2
b22,2
b21,2
b20,2

5
b19,2
b18,2
b17,2
b16,2
b15,2
b14,2
b13,2
b12,2

6
b11,2
b10,2
b9,2
b8,2
b7,2
b6,2
b5,2
b4,2

7
b3,2
b2,2
b1,2
b0,2
b29,3
b28,3
b27,3
b26,3

8
b25,3
b24,3
b23,3
b22,3
b21,3
b20,3
b19,3
b18,3

9
b17,3
b16,3
b15,3
b14,3
b13,3
b12,3
b11,3
b10,3

10
b9,3
b8,3
b7,3
b6,3
b5,3
b4,3
b3,3
b2,3

11
b1,3
b0,3
b29,4
b28,4
b27,4
b26,4
b25,4
b24,4

12
b23,4
b22,4
b21,4
b20,4
b19,4
b18,4
b17,4
b16,4

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 Mapping of TFCI word in Split Mode
After channel encoding of the two 5 bit TFCI words there are two code words of length 15 bits. They are mapped to DPCCH as shown in the Figure 6. Note that [image: image6.wmf]b
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 denote the bit i of code word 1 and code word 2, respectively.
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Figure 6: Mapping of TFCI code words to the slots of the radio frame in Split Mode
In compressed mode the mapping of TFCI bits takes place in a similar fashion as for (30,10) word in section 4.3.3.1. The order of bits is b1,15,b2,15,b1,14,b2,14,…b1,0,b2,0.

For downlink physical channels whose SF is lower than 128, bits of the extended TFCI code words are repeated word by word and mapped to slots as shown in the Table 10
. Code word bits are denoted as , where subscript k indicates the code word, subscript i indicates bit position in the code word (i=14 is the MSB bit) and subscript j indicates bit repetition. In each slot transmission order of the bits is from left to right in the Table 10.

Table 10: Mapping order of repetition encoded TFCI code word bits to slots in Split Mode

















































































































































































































































































Slot
TFCI code word bits

0
b114,1
b113,1
b112,1
b111,1
b114,2
b113,2
b112,2
b111,2

1
b110,1
b19,1
b18,1
b17,1
b110,2
b19,2
b18,2
b17,2

2
b16,1
b15,1
b14,1
b13,1
b16,2
b15,2
b14,2
b13,2

3
b12,1
b11,1
b10,1
b214,1
b12,2
b11,2
b10,2
b214,2

4
b213,1
b212,1
b211,1
b210,1
b213,2
b212,2
b211,2
b210,2

5
b29,1
b28,1
b27,1
b26,1
b29,2
b28,2
b27,2
b26,2

6
b25,1
b24,1
b23,1
b22,1
b25,2
b24,2
b23,2
b22,2

7
b21,1
b20,1
b314,1
b313,1
b21,2
b20,2
b314,2
b313,2

8
b312,1
b311,1
b310,1
b39,1
b312,2
b311,2
b310,2
b39,2

9
b38,1
b37,1
b36,1
b35,1
b38,2
b37,2
b36,2
b35,2

10
b34,1
b33,1
b32,1
b31,1
b34,2
b33,2
b32,2
b31,2

11
b30,1
b414,1
b413,1
b412,1
b30,2
b414,2
b413,2
b412,2

12
b411,1
b410,1
b49,1
b48,1
b411,2
b410,2
b49,2
b48,2

13
b47,1
b46,1
b45,1
b44,1
b47,2
b46,2
b45,2
b44,2


b43,1
b42,1
b41,1
b40,1
b43,2
b42,2
b41,2
b40,2

------------------- Text Proposal Ends ---------------------------

4. Conclusions
We showed the performance gains of word repetition over symbol repetition of TFCI for downlink physical channels (such as DPCCH, Secondary CCPCH and so on) whose SF is lower than 128. Also the little additional complexity and decoding time are required for sequence repetition, compared with the symbol repetition. The change of TS 25.212 from this sequence repetition is only the contents of two Tables. 

So we recommend that the word repetition of the encoded TFCI symbols is accepted for the downlink physical channels whose SF is lower than 128. 
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