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1 Introduction
At GERAN #62 a study item was agreed to study different access stratum solutions to meet the needs for Internet of Things (IoT) (see [1]). A narrow band OFDMA based solution was proposed in [2] and a new modulation scheme called TPSK was proposed to replace GMSK. This document provides further detail of TPSK.
2 
Tone-Phase-Shift-Keying

Tone-Phase-Shift-Keying (TPSK) is a modulation scheme that uses both tone and signal phase to carry information. A TPSK modulation with K allocated tones and M-ary phase shift keying is called (K, M)-TPSK. A (K,M)-TPSK modulated signal over the K allocated tones, l0, l1, …lk-1, out of a total of N tones is
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A number of TPSK schemes are possible and some examples are given in Table 1.

Table 1 Different TPSK modulation schemes

	Modulation
	(2,2)-TPSK
	(4,4)-TPSK
	(8,4)-TPSK
	(8,8)-TPSK

	Bits/ tone
	1
	1
	1.25
	0.75

	Bits/symbol
	2
	4
	5
	6


The bit-to-symbol mapping of (2,2)-TPSK is given in Table 2 and of (4,4)-TPSK is given in Table 3.

Table 2 Bit-to-symbol mapping for (2,2)-TPSK.

	Input bits
	00
	01
	10
	11

	Symbols in increasing order of tones
	1,0
	0,-1
	0,1
	-1,0


Table 3 Bit-to-symbol mapping for (4,4)-TPSK.

	Input bits
	0000
	0001
	0010
	0011
	0100
	0101
	0110
	0111

	Symbols in increasing order of tones
	1,0,0,0
	i,0,0,0
	0,1,0,0
	0,i,0,0
	0,0,1,0
	0,0,i,0
	0,0,0,1
	0,0,0,i

	
	

	Input bits
	1000
	1001
	1010
	1011
	1100
	1101
	1110
	1111

	Symbols in increasing order of tones
	0,0,0,-i
	0,0,0,-1
	0,0,-i,0
	0,0,-1,0
	0,-i,0,0
	0,-1,0,0
	-i,0,0,0
	-1,0,0,0


For (4,8)-TPSK, the first two input bits determine one of the 4 tones to transmit a non-zero value. The remaining 3 tones transmit zeros.  The second three bits determine the phase of the non-zero complex value. The mapping of the first 2 input bits to tone index used to carry only non-zero symbol is given in Table 3. The mapping of the second 3 input bits to the phase, , of the nonzero number exp(i*) is given in Table 4. 

Table 4 Bit-to-tone mapping for (4,8)-TPSK.

	Bit 0 & 1
	00
	01
	10
	11

	Tone index
	0
	1
	2
	3


Table 4 Bit-to-phase mapping for (4,8)-TPSK.

	Bit b2,b3,b4
	000
	001
	010
	011
	100
	101
	110
	111

	Phase
	0
	/4
	3/4
	/2
	7/4
	3/2
	
	5/4


For (8,8)-TPSK, the first three input bits determine one of the 8 tones to transmit a nonzero value. The remaining 7 tones transmit zeros.  The second three bits determine the phase of the nonzero complex value. The mapping of the first 3 input bit to tone index used to carry the only nonzero symbol is given in Table 5. The mapping of the second 3 input bits to the phase, , of the nonzero number exp(i*) is given in Table 6. 
Table 4 Bit-to-tone mapping for (8,8)-TPSK.

	Bit b0,b1,b2
	000
	001
	010
	011
	100
	101
	110
	111

	Tone index
	0
	1
	2
	3
	4
	5
	6
	7


Table 4 Bit-to-phase mapping for (8,8)-TPSK.

	Bit b3,b4,b5
	000
	001
	010
	011
	100
	101
	110
	111

	Phase 
	0
	/4
	3/4
	/2
	7/4
	3/2
	
	5/4


3 Summary

This document describes the different TPSK modulations. It is proposed to include this description of TPSK in the TR and this has been incorporated into [3].
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