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Introduction
At the RAN1#81 meeting, a new SI “Study on Downlink Multiuser Superposition Transmission for LTE” has begun work towards the objectives in the SID [1].
	This study will consider potential enhancements for downlink multiuser transmission using superposition coding.
In particular, the objectives of the study item are the following:
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.
· The study should consider realistic deployment scenarios, traffic models and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 
· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.
· The study will not consider enhancements to spatial precoder for the downlink.
· The study should be applicable to both TDD and FDD.



In particular, in RAN1 #81 a proposal on the key characteristics of MUST schemes was made to determine the similarities and differences of various companies’ NOMA ideas [2], with the outcome that discussion should continue until RAN1 #82 [3].  
	Conclusion:
· Companies are encouraged to provide their own superposition coding transmission schemes (including receiver and high-level description of signaling schemes) to be captured in TR until RAN1#82 meeting
· Companies are recommended to evaluate performance of multiuser superposition schemes with and without Gray mapping until RAN1 #82 meeting
Observation:
· Following schemes are proposed in this meeting
· Multiuser superposition schemes without Gray mapping (in R1-153333, R1-152652)
· Multiuser superposition schemes with Gray mapping (in R1-153333, R1-152974, R1-152762, R1-152493, R1-152806, R1-152493, R1-153058)
· Other scheme is not precluded in future RAN1 meeting


This contribution provides a unifying framework in which to discuss these schemes. 

Discussion
Figure 1 depicts how a generic NOMA transmission scheme might appear in TS36.211, based on Figure 6.3-1 of [4], for the case of two spatial layer transmission with the same precoding matrix.  Obviously the figure can be generalized to multiple layers, etc.



[bookmark: _Ref421800011]Figure 1 Generic Transmitter Diagram for NOMA
 

The simple point of this contribution is that all NOMA schemes proposed so far can be subsumed into the framework suggested by Figure 1, that is, the portion of Figure 1 in red, highlighted in Figure 2.  A generalization of Figure 2, which incorporates a framework that maps codewords into complex symbols and incorporates power scaling, is depicted in Figure 3. If power scaling is not used the values of …may be taken to be unity.   


[bookmark: _Ref421872638]Figure 2 Domain of NOMA schemes in DL transmission, using 2 layers as an example. Everything proposed previously can be considered as part of the NOMA Modulation Mapper


[bookmark: _Ref421892560]Figure 3 NOMA Modulation Mapping includes Look Up Tables and Modulation Mappers, generalized. Clearly “no power scaling” is a special case of power scaling.
We now show how various proposed schemes from RAN1 #81 fit into the above framework.


Multiuser superposition schemes without Gray mapping (in R1-153333, R1-152652)



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]R1-153333 [5] discusses NOMA as multiplexing of different UE complex-valued symbol block vector  (=  in the parlance of [4]) of the u-th (u = 0~U−1) UE is represented by 
	
,
	(1)





where i represent the symbol index,  is the transmit power of the u-th UE with a constraint of , and  is the precoder of the u-th UE. 


Note that  may be subsumed into the modulation mapper itself, and so the generic scheme may be described by Figure 2, with all NOMA operations relegated into the modulation mapper.
R1-152652 [6] refers to [7] in its description of NOMA, again within the same framework as above (i.e., with and without Gray mapping). 

Multiuser superposition schemes with Gray mapping (in R1-153333, R1-152974, R1-152762, R1-152493, R1-152806, R1-153058)
[bookmark: _GoBack]R1-153333 [5] also describes NOMA with Gray mapping. Again, the Gray mapping may be subsumed into the modulation mapper.  R1-153333 also points out that the Gray mapping may be subsumed into the modulation mapper as mapping the modulation symbols jointly from those UEs partaking in MUST.

R1-152974 [9] describes two ways in which Gray mappedconstellation points may be derived from the coded, scrambled bits (the “” of TS36211.)
However, [9] is equivalent to the Figure 3 (which, again, it is easy to see subsumes all previously described schemes.  Here we more explicitly note that the “NOMA Modulation Mapper” consists of a Look Up Table for each layer which maps bits from all multiple transmissions to a single group of bits, and the “Modulation mapper including power scaling” maps this in turn into a series of complex numbers. 
The schemes mentioned in R1-152762 [10] clearly fall into categories described by Figure 2 and Figure 3.
R1-152493’s discussion [11] on NOMA (2.1) and so-called Semi-Orthogonal Multiple Access (SOMA) also fits in to the categories described by Figure 2 and Figure 3.  Regarding section 2.3 of [11], the section on Rate-adaptive constellation Expansion Multiple Access (REMA), it appears that this also appears to be a special case of Figure 3 without power scaling. 
In addition, R1-152806 [12] clearly fits into the framework depicted in Figure 3.

Finally, we note that our contribution submitted to RAN1 #81, R1-153058 [8] also lists power scaling and Gray mapping, which, as per the foregoing contributions, is easily subsumed into the NOMA Modulation Mapper. 
Conclusion
In this contribution, we propose the following:
Proposal 1:
· RAN1 should adopt the nomenclature of Figure 2 and Figure 3 described in this contribution as the basis for discussion of NOMA schemes, in particular, that all schemes are really schemes based on differences of the NOMA modulation mapper.
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