3GPP TSG-RAN WG1 Meeting #86bis                                                             R1-1609616
Lisbon, Portugal, 10th – 14th  October 2016
Agenda item:

7.2.3.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell 
Title:
On standardization of the composite constellations for MUST Case 1 and 2 
Document for:

Discussion and Decision
1
Introduction

In the 3GPP TSG RAN Meeting #71 a MUST WID [1] has been approved. According to the WID, a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases:

CASE-1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 
CASE-2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

CASE-3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

In the previous RAN1 meeting #86 following agreement has be achieved: 

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
In this contribution we state our view on how Category 2 MUST should operate and provide a way on how to standardize the Category 2 MUST to allow for eNB-specific implementation. 
2 
Category 2 MUST 
The outcome of the study item defines Category 2 MUST as a scheme which jointly maps coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The assignment of label bits to UEs is done on the composite constellation which also exhibits Gray mapping property. One possible implementation of Category 2 MUST at eNB for closed-loop transmission scheme (CASE-1) is illustrated in Figure 1, and similar figures can be constructed as well for rank-2 large delay CDD (CASE-1) and transmit diversity (CASE-2). According to Figure 1, the signals are superposed in the bit domain, by mapping MUST-far and MUST-near UEs layer-bits jointly on the composite-constellation. As a consequence, after modulation, the CASE1 MUST forms a single layer, which is further spatially precoded and transmitted to the UE.
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Figure 1 Category 2 with closed-loop transmission scheme

In the previous meeting following conclusion has been drawn about the principles of power ratio selection. 

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

· Super-constellation/grid coordinates
· Supported: Huawei, HiSilicon, Qualcomm, MediaTek, Nokia, ASB, KT
· Evenly spaced
· Supported: ZTE, Mediatek, LG
Note that final selection of power ratios can be a combination of the above examples.

The composite constellation concept proposed by two companies in [3] and grid coordinates from [2] assume that composite constellation points are selected as integer numbers scaled by a constant.  This is shown in Table 1, on an example from [4], where composite constellation can be defined by:  
1. The constellation-points along one dimension of a quadrant.
2. The composite constellation MO,  e.g.  QPSK+16QAM=64QAM.
3. The composite constellation power scaler to guarantee the final constellation to be of unit power.  
Table 1  An example of bit allocations within existing LTE 16, 64 and 256QAM constellations

	LTE constellation
	Composite MO
	Near UE MO
	Allocated subset of constellation-points along one dimension 
	Power ratio normalized
	Composite constellation scaler

[-]

	16QAM
	4
	2 
	[image: image2.png]



	0.8/0.2
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	64QAM
	4
	2 
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	0.86207/0.13793
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	64QAM
	4
	2 
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	0.94118/0.058824
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	64QAM
	4
	2 
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	0.69231/0.30769
	[image: image9.png]




	64QAM
	6
	4 
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	0.7619/0.2381
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	256 QAM
	6
	4 
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	0.92754/0.072464
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	256 QAM
	6
	4 
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	0.87805/0.12195
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	256 QAM
	6
	4 
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	0.71014/0.28986
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	256 QAM
	8
	6 
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	0.75294/0.24706
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Note: Similar Table can be constructed for grid coordinate concept from [2]
Observation-1: Category 2 MUST composite constellation can be defined by: 
· The set of constellation-points along one dimension of a quadrant, 
· the composite constellation modulation order,  and
· the composite constellation power scaler.  
3 
Standardization approach of MUST Case 1/2
In the current specification [5], constellations for BPSK, QPSK, 16QAM, 64QAM and 256QAM are defined in section 7.1 together with specific Gray mappings. The part of the LTE 64QAM table is shown in Table 2. Each constellation point has a bit assignment. 
Table 2 The part of  LTE 64QAM constallation table
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In order to support new composite constellations for MUST Case 1 and 2, we propose to redefine the existing tables in Section 7.1 according to example in Table 3, where the specific parameters of Table 3 for uniform and non-uniform constellations would be defined according to an example in Table 4.  In this example the uniform LTE 64QAM constellation would use the legacy values of constellation points [image: image47.png][1 3 5 7]



, and MUST composite constellation would use newly defined values [image: image49.png][5 7 9 11]



. Similarly, non-uniform composite constellations of composite modulation order 16QAM could be defined accordingly. This specification approach defines a single block where MUST-far UE and MUST-near UE bits and power ratio are input and modulated superposed symbol is an output, the implementation of the block can be left for eNB implementation.
Observation-2: Specification of MUST CASE 1/2 requires minor modifications to tables defining legacy LTE constellations and specification of an additional table defining a composite constellation by a  composite-MO, [image: image51.png]


  and [image: image53.png]


, as shown in example in Table 4.

Proposal-1: Non-uniform composite constellations of order N reuse Gray-mapping of existing uniform LTE constellations of order N. The far-UE layer is mapped on the two most significant bits of a composite constellation. 
Proposal-2: Specify Category 2 MUST as a set of super-constellations and allow for eNB-specific implementation.   

Table 3 Proposed modifications to the Tables defining legacy  LTE constellations
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Table 4  An example of table specifying one uniform and one non-uniform composite constellation
	Constellation MO
	Power ratio
	Values:   [image: image87.png]ay

az

]
as




	Constellation scaler: [image: image89.png]




	Uniform LTE 64 QAM
	0.7619/0.2381
	[image: image90.png][t 3 5 7]
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	Non-uniform LTE  64 QAM 0.92
	0.92754/0.072464
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4
Conclusions

In this contribution we have been presenting views with respect to the Category 2 superposed transmission scheme. The following observations and proposals can be summarized:
Observation-1: Category 2 MUST composite constellation can be defined by: 

· The set of constellation-points along one dimension of a quadrant, 
· the composite constellation modulation order,  and
· the composite constellation power scaler.  
Observation-2: Specification of MUST CASE 1/2 requires minor modifications to tables defining legacy LTE constellations and specification of an additional table defining a composite constellation by a composite-MO, [image: image99.png]


  and [image: image101.png]


, as shown in example in Table 4.

Proposal-1: Non-uniform composite constellations of order N reuse Gray-mapping of existing uniform LTE constellations of order N. The far-UE layer is mapped on the two most significant bits of a composite constellation. 

Proposal-2: Specify Category 2 MUST as a set of super-constellations and allow for eNB-specific implementation.   
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