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1. Introduction
16QAM for 1.28 Mcps TDD MBSFN has been agreed in WG1 # 49[1]. This contribution proposes a modification of the mapping of TFCI code words on S-CCPCH frames using 16QAM. It also demonstrates why TFCI physical channel bits should be mapped on a modulus signal point constellation. 
2. TFCI mapping and 16QAM

As proposed in [1], downlink timeslot formats using 16QAM modulation dedicated for MBSFN operation are described in the following table 1.
Table 1: Time slot formats for 16QAM
	Slot Format

#
	SpreadingFactor
	Midamble length (chips)
	NTFCI code word (bits)
	NSS & NTPC

(bits)
	Bits/slot
	NData/Slot (bits)
	Ndata/data field(1) (bits)
	Ndata/data field(2) (bits)

	0
	16
	144
	0
	0 & 0
	176
	176
	88
	88

	1
	16
	144
	8
	0 & 0
	176
	172
	84
	88

	2
	1
	144
	0
	0 & 0
	2816
	2816
	1408
	1408

	3
	1
	144
	8
	0 & 0
	2816
	2812
	1404
	1408


The TFCI might have 0 bit or 8 bits. When TFCI bits are 8, during one 10ms frame, the TFCI bits will be equally divided into two parts, and be mapped onto the end of the first data field in each of the consecutive subframes. The location of the TFCI is shown in the following figure 1. If TTI is at least 20 ms, the TFCI bits will be repeated with a period of 10 ms frame.
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Figure 1: Position of the TFCI code word for 16QAM MBSFN
From the above, we can expect power fluctuations in the average TFCI power due to the averaging 6 symbols in a 5ms frame. Similar to [2], this is illustrated in Figure 2, where the average power of the TFCI symbols is plotted for 128 out of 768 possible TFCI information symbols combinations. 
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 Figure2: Average power of TFCI symbols for different TFCI information bit combinations
In order to keep the average power of the TFCI symbols independent of the particular mapped TFCI code words, as well as eliminating power fluctuation because of average power of TFCI symbol in a 5ms frame, We give a proposal on TFCI mapping for S-CCPCH and 16QAM for MBSFN in the following section.  
3. Proposal

We here propose to modify the mapping of TFCI slot bits on 16QAM as illustrated in figure 3. With this mapping scheme in the TTI, the repeated TFCI symbols will alternately have max power and min power modulus at the two consecutive frames which is equivalent to have constant modulus and the average power of the TFCI symbols will be the same as for the data symbols, assuming i.i.d. data bits.
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Figure3: Mapping of transmitted TFCI bits onto 16QAM constellation
The proposed figure3 a, mapping onto the outer-corners of the 16QAM constellation can be expressed as Formula a: 
d4k = b2k ,
d4k+1 = b2k+1 ,
d4k+2 = 1,
d4k+3 = 1,
The proposed figure 3 b, mapping onto the inner-corners of the 16QAM constellation can be expressed as Formula b: 

d4k = b2k ,
d4k+1 = b2k+1 ,
d4k+2 =0,
d4k+3 = 0,
After adding the extended 8 bits, the 16 coded TFCI bits is equally divided into 4 parts in the first 10ms frame. The location of the 1st to 4th parts of the TFCI code word in the timeslot is shown in Figure 4. The 1st and the 3rd part of TFCI code word will use the Mapping Formula a, and the 2nd and 4th part of TFCI code word will use the Mapping Formula b. With this mapping scheme, it can be guaranteed that the TFCI symbols will have the same average power as the data symbols. Furthermore, as the TTI of S-CCPCH is 20ms, 40ms or 80ms, the TFCI bits will be repeated with a period of 10 ms frame. In the second 10ms frame, the 1st and the 3rd part of TFCI code word will use the Mapping Formula b, and the 2nd and 4th part of TFCI code word will use the Mapping Formula a, and so on for the consecutive frames. Thus, the repeated TFCI symbols will alternately have max power and min power modulus at the two consecutive frames which is equivalent to have constant modulus.
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Figure4: Position of the TFCI code word for 16QAM MBSFN
4. Conclusion 
In this contribution we propose the modified TFCI mapping scheme for 16QAM for 1.28 Mcps TDD MBSFN. This proposal has been included in the CR ‎[3][4]. 
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6. Annex

The mapping of four consecutive bits onto the 16QAM signal point constellation is shown in Table 2 
Table2: 16QAM modulation mapping
	Consecutive binary bit pattern
	complex symbol
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