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1 Introduction

In RAN#71, WID RP-160680 with title “Downlink Multiuser Superposition Transmission for LTE” [1] was approved. WID [1] contains the following objectives:
· (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination.
· Down-selection should be further discussed in RAN1.
In this contribution, we discuss MUST transmission with legacy composite constellations and provide considerations on complexity and signaling overhead.
2 MUST with legacy composite constellations
Three categories of candidate MUST schemes have been defined in the Rel.13 MUST SI [2]. As shown in [3], the MUST transmitter superposes the codewords of two or more co-scheduled UEs on a sequence of modulation symbols drawn from a composite constellation. The sequence of modulation symbols is then mapped to time-frequency-space resources and transmitted.

We consider the case of two co-scheduled UEs. The first UE is assumed to be far from the eNB transmitter, therefore its received SINR is low. The second UE is assumed to be near the eNB transmitter, therefore its received SINR is high.
The composite constellation is obtained as the amplitude-weighted superposition of two component constellations – the far-UE constellation and the near-UE constellation – as 
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where 

 (resp. 

) is a symbol belonging to the far-UE constellation  (resp. near-UE constellation), 
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 is the index of the composite constellation symbol and 
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 is the ratio of transmitted power allocated to the far UE. Moreover, 
[image: image8.wmf]F

M

(resp. 
[image: image9.wmf]N

M

) is the number of symbols in the far-UE constellation (resp. near-UE constellation).
When the component constellations are legacy LTE constellations, i.e., uniform QAM constellations, and the power ratio 
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is selected as in Table 1. The composite constellation is a legacy constellation.
	Far UE constellation
	Near UE constellation
	Far UE
power ratio 
	Composite constellation

	QPSK
	QPSK
	4/5
	16QAM

	QPSK
	16QAM
	16/21
	64QAM

	QPSK
	64QAM
	64/85
	256QAM

	16QAM
	QPSK
	20/21
	64QAM

	16QAM
	16QAM
	16/17
	256QAM

	64QAM
	QPSK
	84/85
	256QAM


Table 1. Power ratios needed to obtain a legacy LTE composite constellation.
All modulated signals in the MUST transmitter belong to uniform QAM constellations. Therefore, superposition of UE codewords can be directly performed on the symbols of the composite constellation. 

Computation of soft decoding metrics (as log-likelihood ratios – LLRs) on legacy constellations is already implemented and optimized in legacy LTE UEs. The only new signal processing feature required in MUST receivers with legacy composite constellation is near-far LLR demultiplexing. 
Few control bits are needed in order to signal to MUST UEs the MUST transmitter configuration listed in Table 1. MUST transmitter configuration could even be implicitly signalled: once the information of whether the UE is paired as near or far user and the modulation order of the co-scheduled UEs are known, the composite constellation and the power ratio are also determined. If these parameters can be blindly detected, there will be no controlling overhead difference between MUST with legacy composite constellation and MUST with multiple power ratios.
Using legacy composite constellations allows simple composite constellation blind detection.
The control signalling overhead of MUST with legacy composite constellation is summarized in Table 2 

	Parameter to be signalled
	Legacy composite constellation

	Near or far UE or single UE (Existence/processing of MUST interference per spatial layer)

	Needed

	Modulation of paired far-UE
	Needed

	
	

	Far-UE power ratio
	Not needed


Table 2. Control signalling for MUST without blind detection of composite constellation.
In order to minimise the amount of control information that needs to be signalled, it is beneficial that each UE uses the same MUST configuration (i.e., same component constellation and same composite constellation) in all available PDSCH resource elements of the resource blocks in its scheduling assignment. Therefore, when two UEs are co-scheduled, their codewords are transmitted in all available PDSCH resource elements of all RBs in the downlink scheduling assignment.
Proposal 1: In each resource block, the codewords of all co-scheduled UEs are transmitted in all available PDSCH resource elements of that resource block.
Proposal 2: Each co-scheduled UE uses the same composite constellation and the same component constellation in all RBs.
Proposal 3: MUST Cat. 2 should at least consider using legacy LTE composite constellations.
3 Conclusions
In this contribution, MUST with legacy composite constellation is discussed. The following proposals are given:
Proposal 1: In each resource block, the codewords of all co-scheduled UEs are transmitted in all available PDSCH resource elements of that resource block.

Proposal 2: Each co-scheduled UE uses the same composite constellation and the same component constellation in all RBs.

Proposal 3: MUST Cat.2 should at least consider using legacy LTE composite constellations.
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