3GPP TSG RAN WG1 Meeting #86bis


R1-1610304
Lisbon, Portugal, 10th - 14th October 2016
Agenda Item:
7.2.3.1
Source: 
KT Corp.
Title:
Super-constellation based power ratios and gray mapping for MUST
Document for:
Discussion and Decision

1 Introduction
The latest discussion [1] for power ratio and gray-mapping of MUST transmissions made the following agreements and conclusions such that:
Agreement:
· For Case 1/2, numbers of power ratios should be decided based on system level simulation and analysis:

· For QPSK + QPSK, number of power ratios is to be selected from 2/3/4 
· For QPSK + 16 QAM, number of power ratios is to be selected from 2/3/4
· For QPSK + 64 QAM, number of power ratios is to be selected from 1/2/3/4
Conclusion:

Companies are encouraged to provide principle of generating power ratio, examples are:

· Super-constellation/grid coordinates
· Evenly spaced
Note that final selection of power ratios can be a combination of the above examples.
Agreements:
· For Gray-mapped composite constellation:
· Alt 1: Bit-level Gray conversion is specified
· Alt 2: Symbol-level Gray conversion is specified
· Alt 3: up to implementation (where the bits are mapped to the composite-constellation)
· Down-select one alternative till next meeting
This contribution suggests a way of implementation of Case 2 MUST transmission based on the super-constellation. From this, we propose efficient set of power ratios and Gray-mapping specification that can support the implementation.
2 Coding on Legacy QAM for Non-Uniform Composite Constellation
In our previous contribution [2], the bit freezing method is suggested for easy implementation. It shows an intuitive way of implementation of Case 2 MUST modulation using legacy QAM modulators. Figure 1 shows an example about this and it is also contained in [2]. Figure 2 shows a possible corresponding implementation.
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Figure 1. A non-uniform composite constellation composed by parts of 64QAM constellation points from the bit-freezing pattern [abcd00]. The two bits [ab] are for the far-user and [cd] are for the near-user. The corresponding power ratio is 16/17=0.9411.
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Figure 2. An implementation of case 2 MUST of QPSK+QPSK with power ratio 0.9411. FU: Far User, NU: Near User.
Consideration of the Gray-mapping
Note that the example exactly follows the Gray mapping of 16QAM with inter-symbol distances are non-uniform. In the previous contribution [2] we suggested many other possible bit-freezing patterns for various power ratios and user combinations. Figure 3 shows another example of MUST case 2 of QPSK+QPSK with 256QAM modulator. It also follows the Gray mapping of 16QAM.
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Figure 3. An implementation of case 2 MUST of QPSK+QPSK with power ratio 0.8767
Actually, the number of cases of power ratios in the boundary of maximum 0.95 with bit-freezing method only is not sufficient. Moreover, many patterns, although they satisfy Gray-mapping generally, do not coincide with the legacy QAM Gray mapping. This means the mapping becomes different by the given power ratio, that is not proper. A case of QPSK+16QAM is illustrated in Figure 4. Note that some input bits must be flipped to make congruence its Gray-mapping with 64QAM. Still, it is relatively simple way of implementation. The notation ~ means bit-wise NOT operation and overbar means that the bit is flipped.
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Figure 4. An implementation of case 2 MUST of QPSK+16QAM with power ratio 0.9275
The last figure shows a possible implementation of a case of general super-constellation based mappings satisfying the legacy Gray-mapping. In most cases, the resulting coding like Figure 5 is not very complicated because of the symmetricity of the mappings. The notation & means bitwise AND operation.
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Figure 5. An implementation of case 2 MUST of QPSK+16QAM with power ratio 0.8780
In all cases, following the Gray-mapping of legacy QAM is not complicated. These indicate the first proposal.
Proposal 1: MUST Case 2 follows legacy QAM Gray-mapping, where the conversion is up to implementation.
Selection of power ratios
If the required power ratio values are in those based super-constellation, one method for MUST transmission can be an use of legacy QAM modulators and simple encoding. UEs can also use only legacy QAM demodulators for their reception.
Table 1 shows all possible power ratios from super-constellations of legacy QAM modulators. The maximum value in the table is limited to 0.95 and the minimum value is limited as Proposal 1 of [2], of which are indicated from the uniform composite constellation. The values in bold can be achieved by some bit-freezing method.
Table 1. Values of all possible power ratios from each super-constellation
	User Case
	Super-constellation

	
	16QAM
	64QAM
	256QAM
	1024QAM

	QPSK+QPSK
	0.800000
	0.862069
	0.835052
	0.815157
	0.852071
	0.890869
	0.921600

	
	
	0.941176
	0.876712
	0.818697
	0.856637
	0.892074
	0.928367

	
	
	
	0.883212
	0.824390
	0.868633
	0.909320
	0.933610

	
	
	
	0.917431
	0.831601
	0.873267
	0.908068
	0.936283

	
	
	
	0.924528
	0.839344
	0.886878
	0.911032
	0.945537

	
	
	
	
	0.849412
	0.889231
	0.913514
	0.947541

	QPSK+16QAM
	
	0.761905
	0.801980
	0.783198
	0.850498
	0.898876
	0.935275

	
	
	
	0.878049
	0.813278
	0.858156
	0.914934
	0.947507

	
	
	
	0.927536
	0.818594
	0.894180
	0.918367
	

	QPSK+64QAM
	
	
	0.752941
	0.774799
	0.872727
	0.924188
	

	
	
	
	
	0.826446
	0.903226
	0.939130
	


Using this we give the following proposals. The exact selections of values in Proposal 3 are based on the options of Proposal 2 and the most evenly spaced candidates in Table 1.
Proposal 2: The power ratio set of MUST case 2 is supported from the values in Table 1.


Option 2-1: {0.8, 0.8767, 0.9411} are preferable as members of the power ratio set of QPSK+QPSK.
Option 2-2: {0.7619, 0.9275} are preferable as members of the power ratio set of QPSK+16QAM.
Option 2-3: {0.7529, 0.9242} are preferable as members of the power ratio set of QPSK+64QAM.
Option 2-4: Values from 1024QAM are relatively not preferable.
Proposal 3: MUST case 2 power ratio set is:


QPSK+QPSK: {0.8, (0.8350), 0.8767, (0.9174), 0.9411}
QPSK+16QAM: {0.7619, (0.8020), (0.8780), 0.9275}
QPSK+64QAM: {0.7529, (0.8264), 0.9242}
3 Summary
The following summarizes the proposals in this contribution.
Proposal 1: MUST Case 2 follows legacy QAM Gray-mapping, where the conversion is up to implementation.
Proposal 2: The power ratio set of MUST case 2 is supported from the values in Table 1.


Option 2-1: {0.8, 0.8767, 0.9411} are preferable as members of the power ratio set of QPSK+QPSK.
Option 2-2: {0.7619, 0.9275} are preferable as members of the power ratio set of QPSK+16QAM.
Option 2-3: {0.7529, 0.9242} are preferable as members of the power ratio set of QPSK+64QAM.
Option 2-4: Values from 1024QAM are relatively not preferable.
Proposal 3: MUST case 2 power ratio set is: 


QPSK+QPSK: {0.8, (0.8350), 0.8767, (0.9174), 0.9411}
QPSK+16QAM: {0.7619, (0.8020), (0.8780), 0.9275}
QPSK+64QAM: {0.7529, (0.8264), 0.9242}
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