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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#71, WID RP-160680 with title “Downlink Multiuser Superposition Transmission for LTE” [1] was approved. In RAN#84b, it was agreed in R1-163776 that
· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported
· For Case 1 & 2, MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported
· One or more transmission power ratios for each constellation combination are supported
· FFS: The number of multiple power ratios is down-selected from 1 to 8
· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation
· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation
· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation
· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation
· If 2 or more power ratios are supported, the other multiple transmission power ratios for a MUST-far UE in each constellation combination can be selected from the following value ranges:
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratio range as a starting point is [0.6, 0.95]
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]
· FFS the impact if 16QAM for MUST-Far UE is supported 
· For further down-selection on the set of transmission power ratios, companies are encouraged to provide the scheduling PDF of power ratios and the corresponding performance for different sets of power ratios

[bookmark: _Ref129681832]In this contribution, we address the impact of 16QAM support in MUST-far UE in MUST with legacy composite constellations. We provide the scheduling PDF of constellation combinations and observe that not supporting 16QAM in the MUST-far UE potentially causes performance degradation. 
MUST with legacy composite constellations
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 symbol  is obtained as the amplitude-weighted superposition of two component constellation symbols – a far-UE constellation symbol and a near-UE constellation symbol  – as 
	
	

	(1)




where ,  and  are the indices of the far-UE constellation symbol, near-UE constellation symbol and composite constellation symbol. (resp. ) is the number of symbols in the far-UE constellation (resp. near-UE constellation). is the ratio of transmitted power allocated to the far UE.
The superposition operation (1) implies that the codewords of all co-scheduled UEs are multiplexed on the same PDSCH REs. If one or more REs is allowed to carry coded bits of only one of the co-scheduled UE codewords, then we would have to signal a new constellation for those REs, or otherwise there would be performance loss compared to ordinary single-UE transmission.
A further consequence of (1) is that the constellation combination is fixed for any two multiplexed codewords of co-scheduled UEs, because if the REs in the same codeword use different constellation combinations, then we have to signal/blindly detect multiple constellation combinations in the same codeword.
Therefore, we formulate the following two proposals, which apply also in the multiple power-ratio case [2]:
Proposal 1. The codewords of all co-scheduled UEs in each resource block are multiplexed on the same PDSCH REs.
Proposal 2. The constellation combination is fixed for any two multiplexed codewords of co-scheduled UEs.

Table 1 shows the possible constellation combinations and corresponding far-UE power ratios  needed to obtain legacy LTE composite constellations.

	Combination index (IMUST)
	Far UE constellation
	Near UE constellation
	Far UE
power ratio 
	Composite constellation

	1
	QPSK
	QPSK
	4/5
	16QAM

	2
	QPSK
	16QAM
	16/21
	64QAM

	3
	QPSK
	64QAM
	64/85
	256QAM

	4
	16QAM
	QPSK
	20/21
	64QAM

	5
	16QAM
	16QAM
	16/17
	256QAM

	6
	64QAM
	QPSK
	84/85
	256QAM


[bookmark: _Ref445905043]Table 1. Power ratios needed to obtain a legacy LTE composite constellation.

In Table 1 there are six combinations of component constellations resulting in a composite QAM constellation with at most 256 points. In the next Section, we evaluate the probability that each of the constellation combinations is used for MUST transmission in a TTI (i.e., the scheduling PDF of constellation combinations).
Statistics of constellation combinations
We estimate the probability that a constellation combination is selected for MUST transmission. For the estimation, system-level simulations have been performed with the assumptions reported in Table 2. The complete list of simulation assumptions is reported in the Appendix of [3].

	Parameter
	Value

	Traffic model
	Full-buffer

	Number of macro sites
	19

	Number of cells per site
	3

	N. users UEs/per cell
	10

	LTE TX mode
	TM4

	MIMO configuration
	2T2R

	UE pairing
	Mixed-rank

	CSI feedback
	Wide-band CQI/PMI/RI

	Scheduling algorithm
	PF, wide-band

	Number of TTIs
	30000


[bookmark: _Ref449962287]Table 2. Simulation assumptions.

In Table 3, we report the probability that each constellation combination is selected in a TTI with MUST transmission, i.e., the scheduling PDF of constellation combinations. Combinations which result in a composite QAM constellation with more than 256 points are not used.

	Probability of
constellation combination
	Near UE constellation

	
	QPSK
	16QAM
	64QAM

	Far UE constellation
	QPSK
	0.1949
	0.4201
	0.1493

	
	16QAM
	0.2077
	0.0275
	0

	
	64QAM
	0.0006
	0
	0


[bookmark: _Ref449958185]Table 3. Scheduling PDF of constellation combinations. 

Based on the results in Table 3, we observe that one constellation combination with 16QAM for the MUST-far UE exhibits a high probability of being selected by the scheduler, i.e., the constellation combination with QPSK for the MUST-near UE and 16QAM for the MUST-far UE (IMUST=4).
Observation 1. The constellation combination with 16QAM for the MUST-far UE and QPSK for the MUST-near UE (IMUST=4) has high probability of being selected by the scheduler.
In order to see what potential impact of the removal of 16QAM support for MUST-far UE would have, we evaluate the scheduling PDF of constellation combinations when the MUST-far UE is allowed to use only QPSK (shown in Table 4. ).

	Probability of
constellation combination
	Near UE constellation

	
	QPSK
	16QAM
	64QAM

	Far UE constellation=QPSK
	0. 5652
	0.3105
	0.1243


[bookmark: _Ref450053754]Table 4. Scheduling PDF of constellation combinations when MUST-far UE is allowed to use only QPSK. 

Based on the results in Table 4, we observe that QPSK for the MUST-near UEs is selected in more than 56% of the TTIs with MUST transmission, which is larger than the marginal probability of QPSK for the MUST-near UE when the MUST-far UE is allowed to use any modulation (as in Table 3). It means that, by limiting MUST-far UE constellation to QPSK also increases the usage of QPSK by the MUST-near UE.
Therefore, we have the following proposal:
Proposal 3. For at least the power ratios that correspond to legacy composite constellations, consider not to preclude 16QAM for the MUST-far UE.

Conclusions
In this contribution, we discussed standardization aspects of MUST with legacy composite constellations. 
The following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1. The codewords of all co-scheduled UEs in each resource block are multiplexed on the same PDSCH REs.
Proposal 2. The constellation combination is fixed for any two multiplexed codewords of co-scheduled UEs.
Proposal 3. For at least the power ratios that correspond to legacy composite constellations, consider not to preclude 16QAM for the MUST-far UE.
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