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1 Introduction
The latest discussion for MUST transmissions made the following agreements [1] such that:
Agreement:

· For Case 1 and 2 described in MUST WID, Far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE in a given subframe.

Agreement:

· For MUST Case 1 and Case 2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders 

· For case 3, FFS

Agreement:

· For Case 1 and 2, and for each combination of modulation order,  

· The number of power ratios generating non-uniform composite constellation should be chosen from 0 (for some combinations, if any), 1, 2 or 3.

· The details are FFS.

· Power ratios generating non-uniform composite constellation should be selected from the range [0.7, 0.95].

· The values of power ratio is FFS.
· 0.7 should be excluded in case of 64QAM (for near UE) + QPSK (for far UE).
For some implementation issues, [2] proposed that for MUST case 1 and 2, it is needed to make their power-allocated symbols are underlain on the legacy QAM constellations. In this contribution, there are some proposals about effective power ratio sets based on [2], that have strength on their implementation.
2 Further Discussions on Power Ratio Limitation
Consider ‘intra-symbol minimum distance’ and ‘inter-symbol minimum distance’ of each symbols after some power allocation. Figure 1 shows intuitive meaning of these terms.
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Figure 1. Symbol distance
The intra-symbol minimum distance is related with the error rate of bits for the near-user with small power allocated, while the inter-symbol minimum distance is related with the error rate of bits for the far-user with large power allocated. A power allocation resulting the inter-symbol minimum distance becomes smaller than the intra-symbol minimum distance increases the bit error rate for the far user, even higher than bit error rate for the near-user especially at high SNR region. The channel quality of the far-user is always worse than the near-user, so power ratios making the inter-symbol minimum distance smaller than the intra-symbol minimum distance may not be preferred.
For each case of UE constellation, the uniform composite constellation can be made by the following power ratios:
(1) QPSK+QPSK (far-user + near-user) – 0.8
(2) QPSK+16QAM – 0.7619
(3) QPSK+64QAM – 0.7529
Proposal 1: The minimum power ratio of non-uniform composite constellation composes uniform constellation. In other word, power ratios are in [0.8, 0.95] for QPSK+QPSK case, in [0.7619, 0.95] for QPSK+16QAM case, and in [0.7529, 0.95] for QPSK+64QAM case.
3 Bit Freezing on Legacy QAM for Non-Uniform Composite Constellation
In general, bit freezing means pre-determining of values of specific positions of original bit stream. For example, someone can make a system with 4-bit input using a system with 6-bit input and 2-bit freezing. This section shows various bit freezing patterns using legacy QAM modulators that give same results of with the result of Cat. 2 MUST modulation with certain power ratios.
Bit freezing on 64QAM
The legacy 64QAM modulator has 6-bit input and a complex symbol output. If two input bits are pre-determined, the system becomes 4-bit input system. Figure 2 shows an example, indicating constellation points of 64QAM with 5th and 6th bits are frozen into zero.
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Figure 2. A non-uniform composite constellation composed by part of 64QAM constellation points from the bit-freezing pattern [abcd00]
From the mapping definition of legacy 64QAM constellation, it can be considered that two bit [ab] in Figure 1 is for the far-user and [cd] is for the near-user. It satisfies gray mapping and power ratio 16/17=0.9411 is applied. Like this example, variations of bit freezing patterns can be applied as listed in Table 1.
Table 1. Bit Freezing and Resulting Power Ratio of 64QAM
	Far-user modulation
	Near-user modulation
	Freezing Pattern
	Power Ratio

	QPSK [ab]
	QPSK [cd]
	abcd00
	0.9411

	QPSK [ab]
	QPSK [cd]
	ab11cd
	0.9722

	QPSK [ab]
	16QAM [cdef]
	abcdef
	0.7619


Bit freezing on 256QAM
The legacy 256QAM has 8-bit input. Two input bits or four input bits can be pre-determined to make 6-bit or 4-bit input system. Variations of bit freezing can be applied as listed in Table 2.
Table 2. Bit Freezing and Resulting Power Ratio of 256QAM
	Far-user modulation
	Near-user modulation
	Freezing Pattern
	Power Ratio

	QPSK [ab]
	QPSK [cd]
	abcd0000
	0.8767

	QPSK [ab]
	QPSK [cd]
	ab00cd00
	0.9411

	QPSK [ab]
	QPSK [cd]
	ab0000cd
	0.9722

	QPSK [ab]
	QPSK [cd]
	abcd0011
	0.9846

	QPSK [ab]
	QPSK [cd]
	ab1100cd
	0.9901

	QPSK [ab]
	QPSK [cd]
	ab11cd00
	0.9931

	QPSK [ab]
	QPSK [cd]
	ab1111cd
	0.9949

	QPSK [ab]
	16QAM [cdef]
	abcd00ef
	0.9275

	QPSK [ab]
	16QAM [cdef]
	ab11cdef
	0.9664

	QPSK [ab]
	64QAM [cdefgh]
	abcdefgh
	0.7529


Bit freezing on 1024QAM
The 1024QAM modulation is proposed as the new modulation expansions for high throughput. The bit-mapping definition of 1024QAM can be predicted from same recursive structure. It has 10-bit input, so 2, 4, or 6 input bits can be pre-determined. Variations of bit freezing can be applied as listed in Table 3.
Table 3. Bit Freezing and Resulting Power Ratio of 1024QAM
	Far-user modulation
	Near-user modulation
	Freezing Pattern
	Power Ratio

	QPSK [ab]
	QPSK [cd]
	abcd000011
	0.8393

	QPSK [ab]
	QPSK [cd]
	ab00cd0000
	0.8767

	QPSK [ab]
	QPSK [cd]
	abcd111111
	0.9110

	QPSK [ab]
	QPSK [cd]
	ab11cd1111
	0.9216

	QPSK [ab]
	QPSK [cd]
	ab0000cd11
	0.9411

	QPSK [ab]
	QPSK [cd]
	ab0011cd00
	0.9411

	QPSK [ab]
	QPSK [cd]
	ab11cd1100
	0.9584

	QPSK [ab]
	QPSK [cd]
	abcd001100
	0.9660

	QPSK [ab]
	QPSK [cd]
	ab001100cd
	0.9730

	QPSK [ab]
	QPSK [cd]
	ab1100cd11
	0.9780

	QPSK [ab]
	QPSK [cd]
	ab00cd0011
	0.9846

	QPSK [ab]
	QPSK [cd]
	ab11cd0000
	0.9846

	QPSK [ab]
	QPSK [cd]
	ab1111cd11
	0.9887

	QPSK [ab]
	QPSK [cd]
	ab000000cd
	0.9901

	QPSK [ab]
	QPSK [cd]
	ab0000cd00
	0.9931

	QPSK [ab]
	QPSK [cd]
	ab000011cd
	0.9949

	QPSK [ab]
	QPSK [cd]
	abcd001111
	0.9961

	QPSK [ab]
	QPSK [cd]
	ab110011cd
	0.9969

	QPSK [ab]
	QPSK [cd]
	ab1100cd00
	0.9975

	QPSK [ab]
	QPSK [cd]
	ab110000cd
	0.9979

	QPSK [ab]
	QPSK [cd]
	ab11cd0011
	0.9983

	QPSK [ab]
	QPSK [cd]
	ab111100cd
	0.9985

	QPSK [ab]
	QPSK [cd]
	ab1111cd00
	0.9987

	QPSK [ab]
	QPSK [cd]
	ab111111cd
	0.9989

	QPSK [ab]
	16QAM [cdef]
	ab00cd00ef
	0.9275

	QPSK [ab]
	16QAM [cdef]
	ab0000cdef
	0.9664

	QPSK [ab]
	16QAM [cdef]
	abcd0011ef
	0.9884

	QPSK [ab]
	16QAM [cdef]
	ab1100cdef
	0.9877

	QPSK [ab]
	16QAM [cdef]
	ab11cd00ef
	0.9914

	QPSK [ab]
	16QAM [cdef]
	ab1111cdef
	0.9936

	QPSK [ab]
	64QAM [cdefgh]
	abcd00efgh
	0.9242

	QPSK [ab]
	64QAM [cdefgh]
	ab11cdefgh
	0.9648

	QPSK [ab]
	256QAM [cdefghij]
	abcdefghij
	0.7399


Power Ratio Selection
If the required power ratio values are in one of Table 1 to 3, MUST transmission can be implemented using only legacy QAM modulators. Also, UEs can use only legacy QAM demodulators. This fact indicates the following proposals.
Proposal 2: The power ratio set of QPSK+QPSK is composed with at least {0.8, 0.9411}.


Option 2-1: {0.8767} is added to the power ratio set of QPSK+QPSK.
Option 2-2: In addition to 2-1, {0.8393, 0.9110, 0.9216} is added to the power ratio set of QPSK+QPSK.
Proposal 3: The power ratio set of QPSK+16QAM is composed with at least {0.7619, 0.9275}.
Proposal 4: The power ratio set of QPSK+64QAM is composed with at least {0.7529, 0.9242}.
Further Discussions
The values of power ratios given at Proposal 2 to 4 may be insufficient; at least for QPSK+16QAM and 64QAM. Despite of this, variations of coding parameters may indicate that there is no need to prepare very dense power ratio set. It implies that some BSs may use only these values of power ratio for their implementation complexity. However, too small power ratio set may degrade performance of high-performance BSs.
4 Conclusion
The following summarizes the proposals in this contribution.
Proposal 1: The minimum power ratio of non-uniform composite constellation composes uniform constellation. In other word, power ratios are in [0.8, 0.95] for QPSK+QPSK case, in [0.7619, 0.95] for QPSK+16QAM case, and in [0.7529, 0.95] for QPSK+64QAM case.
Proposal 2: The power ratio set of QPSK+QPSK is composed with at least {0.8, 0.9411}.


Option 2-1: {0.8767} is added to the power ratio set of QPSK+QPSK.
Option 2-2: In addition to 2-1, {0.8393, 0.9110, 0.9216} is added to the power ratio set of QPSK+QPSK.
Proposal 3: The power ratio set of QPSK+16QAM is composed with at least {0.7619, 0.9275}.
Proposal 4: The power ratio set of QPSK+64QAM is composed with at least {0.7529, 0.9242}.
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