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1. Introduction 

Introducing higher order modulation such as 16QAM is one objective of the enhanced MBMS work item‎ [1]. This contribution proposes a modification of the mapping of TFCI code words on S-CCPCH frames using 16QAM described in the baseline CR ‎[2]. It also motivates why TFCI physical channel bits should be mapped on a constant modulus signal point constellation.
2. TFCI mapping and 16QAM
For the S-CCPCH slot formats proposed in ‎[3] for MBSFN and 16QAM transmissions, the number of TFCI bits per slot will be 4 in the case of  SF(128 and 16 for SF < 128, i.e. 60 or 240 TFCI physical channel bits are transmitted per frame, respectively. The TFCI symbol rates will be the same as for S-CCPCH slot formats using QPSK modulation.
Encoding of the ten TFCI information bits is described in ‎[4]‎
 and results in 32 coded bits bk , which are mapped to the transmitted TFCI bits dk, according to dk = bk mod 32Figure 1. With this mapping of TFCI code words, and noting that four consecutive bits are mapped on 16QAM, a TFCI symbol will be repeated with a period of 8 symbols, which implies that we can expect fluctuations in the average TFCI power due to the averaging over few symbols. This is illustrated in , where the average power of the TFCI symbols is plotted for 128 out of 1024 possible TFCI information bits combinations and for SF < 128, i.e. k = 0, 1, 2, …, 239.
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Figure 1: 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 keeping the constant modulus (QPSK) symbol constellation, we proposed in ‎[2] to map the TFCI bits onto the outer-corners of the 16QAM constellation. However, with that mapping the TFCI symbols will not have the same average power as the data symbols. 
3. Proposal
We here propose to modify the mapping of TFCI slot bits on 16QAM in ‎[2] as illustrated in Figure 2 below. With this mapping, the TFCI symbols will 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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Figure 2: Mapping of transmitted TFCI bits onto 16QAM constellation.
The proposed mapping of encoded TFCI bits on the S-CCPCH slots within a radio frame can be expressed as

 
d4k = b2k mod 32  ,
 d4k+1 = b2k+1 mod 32 ,
d4k+2 = ( d4k + d4k+1 ) mod 2,
d4k+3 = ( 1 + d4k + d4k+1 ) mod 2,
where k = 0, 1, 2,…, 59 for SF < 128 and k = 0, 1, 2,…, 14 for SF(128. Table 1 summarizes the possible outcomes of the above mapping. 
Table 1: Possible set of four consecutive TFCI slot bits
	d4k   , d4k+1 
	d4k+2   , d4k+3 

	0,0
	0,1

	0,1
	1,0

	1,0
	1,0

	1,1
	0,1


This proposal has been included in the CR ‎[6].
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5. Annex

The mapping of four consecutive bits onto the 16QAM signal point constellation is shown in Table 2.
Table 2: 16QAM modulation mapping ‎[5].
	i1q1i2q2
	I branch
	Q branch
	I2 + Q2

	0000
	0.4472
	0.4472
	0.4

	0001
	0.4472
	1.3416
	2.0

	0010
	1.3416
	0.4472
	2.0

	0011
	1.3416
	1.3416
	3.6

	0100
	0.4472
	-0.4472
	0.4

	0101
	0.4472
	-1.3416
	2.0

	0110
	1.3416
	-0.4472
	2.0

	0111
	1.3416
	-1.3416
	3.6

	1000
	-0.4472
	0.4472
	0.4

	1001
	-0.4472
	1.3416
	2.0

	1010
	-1.3416
	0.4472
	2.0

	1011
	-1.3416
	1.3416
	3.6

	1100
	-0.4472
	-0.4472
	0.4

	1101
	-0.4472
	-1.3416
	2.0

	1110
	-1.3416
	-0.4472
	2.0

	1111
	-1.3416
	-1.3416
	3.6
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