1

3GPP TSG RAN WG1 Meeting #49bis














R1-073098
Orlando, USA, 25-29 June, 2007

Agenda Item:
5.13.1

Source: 
Samsung

Title: 
Coding for CCFI Transmission 
Document for:
Discussion and Decision
1. 
Introduction 
In the 3GPP RAN1#49 in May, following way forward on the coding of CCFI bits was agreed [1]:

·  Coding: the 2 bits are mapped onto 4 sequences of length 16 QPSK symbols (to be defined later)

In this contribution, we propose the coding sequence for the CCFI transmissions, assuming that the 2 bits CCFI is mapped to the 16QPSK resource elements in the first OFDM symbol.  
2. Coding Sequences for CCFI Bits
We first establish the mapping between the 2 bits CCFI and the component codewords in a (3,2) codebook, as shown in  Table 1. Here we assume the (3,2) codebook is   
[image: image1.wmf]{

}

1231

  C000,011,101,110

ccc

Î=

.
Table 1: Mapping between CCFI bits and component codewords.

	CCFI bits 
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	Component codeword 
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(assuming (3,2) codebook C1)

	00
	000

	01
	011

	10
	101

	11
	110


The 4 final length-32 codewords for the CCFI bits 
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 are generated as follows. First, we generate a length-3 component codeword 
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 using mapping in the table above; second, the component  codeword 
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 10 times to generate a length 30 sequence; finally, we concatenate the length-30 sequence with the original CCFI bits 
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. The four codewords are:
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00   (cw1)

011 011 011 011 011 011 011 011 011 011 

01   (cw 2)

101 101 101 101 101 101 101 101 101 101 

10   (cw 3)

110 110 110 110 110 110 110 110 110 110 

11   (cw

 4)

Codebook A


Note that since the component code is a systematic code, the last two bits can also be viewed as the first two bits in the 11th repetition of the 3-bit codeword. On the other hand, if the CCFI has only 3 states, then any of the 3 codewords in the above set can be used to carry the CCFI information.  For example, the first three codewords, codewords 1-3, can be used for the 3 CCFI states. 

Remark on 3-state CCFI:

We do note, however, that if RAN1 decides that only 3 state is needed in CCFI, and the 4th state is not needed even as a reserve combination, then a straight-forward 3PSK mapping of the 3 states, followed by  a 16-time repetition outperforms the 3 codeword mentioned above.  It is easy to verify that the minimum Euclidean distance ratio is 9/8 in favour of the 3-PSK approach, corresponding to a performance gain of around 0.5dB.
In Figure 1  below, we demonstrate the benefit of the proposed coding, compared to the uncoded case in a 2Tx antenna, 2 Rx antenna system (note 4-state CCFI is assumed in the simulation). In the coded case, SFBC+QPSK is applied; whereas in the uncoded case, SFBC+BPSK is applied. In both coded and uncoded cases, 16 REs are used for the CCFI transmission. It is observed that in both AWGN and frequency flat case, the gain of (3,2) coding against the uncoded case is around 0.9-1 dB; and this gain drops slightly to 0.7-0.8 dB in the case where the channel provides a third order frequency diversity. This is expected since the repetition of the 3-bit codeword does not exactly coincide with the 4-bit coded bit allowed in a pair of SFBC REs, meaning that the diversity benefit is not coherently accumulated between different repetitions of the (3,2) code.  On the other hand, we have observed that the 0.7-0.8dB gain persists even if we increase the frequency diversity order beyond 3. 
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Figure 1: Benefit of coding for CCFI bits. SFBC+QPSK for coded transmission, SFBC+BPSK for uncoded transmission, in both cases 16 RE assumed in one OFDM symbol. Ideal channel estimation.
2.1 
4. Conclusion 

In this contribution, we propose the 4 length-32 sequences for the 2bit CCFI information. It is shown that the performance gain of the coded sequence can be up to 0.6-1 dB, compared to the uncoded case. We would like to ask RAN1 to adopt the proposed code sequence. 
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