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Introduction
A superposition scheme called Gray-mapped Non-uniform Constellation (GNC) was proposed in [1]. It was shown that GNC can provide substantial gains over Direct Symbol Mapping (DSM). In this contribution we provide preliminary simulation results for GNC with optimal and suboptimal soft detectors and show the gains for GNC relative to DSM.
[bookmark: _Toc421010960]Scenarios where MUST pairing is feasible
Typically, achieving ~10% BLER in the 1st transmission is the target for the scheduler, the scheduler will pick a (MCSF, MCSN, ) triplet to ensure 10% BLER can be achieved at the respective near and far user ‘channel SNR levels’. Here MCSF denotes the MCS selected for the far user, MCSN denotes the MCS selected for the near user and  is the fractional power allocated to the far user.
We can define channel SNR as the SNR achievable for each user when there is full power allocation at the eNB for that user and there is no MUST co-scheduled user. So, channel SNR level represents the pathloss and co-channel interference + noise experienced by the user’s receiver and is independent of . The actual BLER performance depends on MCS selected and the actual SNR for the user (i.e.,  * channel SNR for far user or  * channel SNR for near user).
Suppose that SNRF,0.1 and SNRN,0.1 are the far user and near user channel SNRs required to achieve 10% BLER at both users with the selection of (MCSF, MCSN, ) based on the simulated BLER curves. For the triplet (MCSF, MCSN, ) to be a reasonable choice at the scheduler, the ratio SNRn,0.1 / SNRf,0.1 should correspond to actual channel SNR gap between the near and far users. 
For 3GPP/ITU channel models [4] such as UMa, UMi, etc., the CDF plots of the users’ channel SNRs in a sector are as shown in Figure 2‑1. [These are long-term channel SINRs ignoring fast fading; we could ignore fast fading in our first-order analysis.]
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[bookmark: _Ref424725079]Figure 2‑1 CDF of user SINR in 3GPP and ITU channels
We note that:
· a ratio SNRN,0.1 / SNRF,0.1 close to 1 means that two users have similar channel SNR levels (this may not be a good choice for MUST pairing as the far user performance can degrade significantly)
· the ratio SNRN,0.1 / SNRF,0.1 should be larger than 1 (near user has better channel SNR than far user – this is the typical case of MUST pairing to provide gains)
· ratio SNRN,0.1 / SNRF,0.1 larger than 25dB does not make sense from the CDF plots for UMa, UMi, RMa and Case 1 (i.e., if we ignore InH)
Allowing for a small negative margin, the ratio SNRN,0.1 / SNRF,0.1 should be in the [-3,25]dB range for a scenario to be deemed feasible or realistic. In actual MUST scheduling, the eNB scheduler may employ MUST pairing in a subset of the above range.
We ran PDSCH BLER simulations with different MCS pairings and different  values using the legacy (non-256QAM) MCS table. We check whether the ratio SNRN,0.1 / SNRF,0.1 satisfies the above property as a basic test of whether the selected triplet (MCSF, MCSN, ) is feasible:
· we obtain SNRF,0.1 and SNRN,0.1 for the different (MCSF, MCSN, ) triplets for both DSM and GNC under the following two detectors
· Case 1: Log-MAP detector is used for both far and near users
· Case 2: Single-User detector is used for far user (treating near user bits as noise) and Log-MAP detector is used for near user
we declare the selected case (MCSF, MCSN, ) invalid and ignore any gain GNC provides if the ratio SNRN,0.1 / SNRF,0.1 falls outside of the [-3,25]dB range. 
In this contribution, the modulation orders used for MUST users are denoted by the ordered pair (far user modulation, near user modulation). For example, (QPSK, 16QAM) represents QPSK used for far user and 16QAM used for the near user.

Gains for GNC over DSM
In this section, we provide performance gains for GNC over DSM for with respect to BLER for first transmission of PDSCH. Two detectors were used:
· Log-MAP: In this case, log-MAP LLR computation is performed for both near user and far user (without the max-log-MAP approximation) to obtain the LLRs for the given user. This requires knowledge of the co-scheduled user modulation order at both users.
· Single-User far user: In this case, log-MAP is used for the near user while SU detector (either treating near user signal as noise or by modifying the LLR calculation) is used for far user. This requires knowledge of modulation order for the co-scheduled user at the near detector. On the other hand, when the far user SU detector treats near user signal as noise, the far user does not need to know the modulation order of the near user. But, this knowledge is necessary when modified LLR computation is used at the far user.
Additionally, the following were assumed in simulations:
· Static (1 Tx, 1 Rx) channel
· Ideal CE, ideal noise variance estimation
· # of transmissions = 1 (RV sequence = [0])
· Ideal PDCCH reception
[bookmark: _Toc426451912](QPSK, QPSK)
Log-MAP detector
Summary of results for log-MAP detector at both near and far users is shown in Table 3‑1. Different MCS pairs, (MCSF, MCSN) = (MCS5, MCS5), (MCS5, MCS7), (MCS5, MCS9) were simulated for a range of  values. Bit-swapping is either disabled or enabled to maintain Gray mapping [2]. Column 5 in the table shows the SNRN,0.1 / SNRF,0.1 ratio. The last column in the table shows the SNR gain [dB] for GNC (without or with bit swapping as indicated) over DSM at 10% BLER for first transmission of PDSCH.

‘-‘ indicates no data for the case.
The cases that are not realistic are colored in red.

[bookmark: _Ref426981305]Table 3‑1 (QPSK, QPSK) with log-MAP
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(QPSK, QPSK)
	(5,5)
	0.95
	Off
	(11.91, 11.91)
	(0, 0.23)

	
	(5,5)
	0.9
	Off
	(9.9, 8.91)
	(0, 0.99)

	
	(5,5)
	0.8
	Off
	(7.97, 5.69)
	(0, 2.27)

	
	(5,5)
	0.6
	Off
	(3.41, 0.16)
	(0.01, 3.26)

	
	(5,5)
	0.4
	On
	(-3.43, -0.16)
	(3.29, 0.02)

	
	(5,5)
	0.2
	On
	(-7.96, -5.69)
	(2.27, 0)

	
	(5,5)
	0.1
	On
	(-9.9, -8.9)
	(0.99, 0)

	
	(5,5)
	0.05
	On
	(-11.93, -11.92)
	(0.02, 0)

	
	(5,7)
	0.95
	Off
	-
	-

	
	(5,7)
	0.9
	Off
	(11.89, 11.41)
	(0, 0.48)

	
	(5,7)
	0.8
	Off
	(9, 7.67)
	(0, 1.33)

	
	(5,7)
	0.6
	Off
	(7.43, 1.47)
	(0.01, 5.98)

	
	(5,7)
	0.4
	On
	(2.01, -1.47)
	(2, 5.49)

	
	(5,7)
	0.2
	On
	(-4.97, -7.67)
	(0.3, 3)

	
	(5,7)
	0.1
	On
	(-7.1, -11.4)
	(-1.51, 2.75)

	
	(5,7)
	0.05
	On
	(-10, -13)
	(-1.07, 1.9)

	
	(5,9)
	0.95
	Off
	-
	-

	
	(5,9)
	0.9
	Off
	(12.8, 12.4)
	(0, 0.39)

	
	(5,9)
	0.8
	Off
	-
	-

	
	(5,9)
	0.6
	Off
	(8.6, 3)
	(-0.42, 5.12)

	
	(5,9)
	0.4
	On
	(4.6, -3)
	(0.52, 8.13)

	
	(5,9)
	0.2
	On
	(-2.16, -11.3)
	(-3.33, 5.79)

	
	(5,9)
	0.1
	On
	(-5, -12.4)
	(-2.52, 4.86)

	
	(5,9)
	0.05
	On
	(-8, -11)
	(0.93, 3.9)



It is clear that as  goes down from 1 to 0.5, the gain for the near user increases substantially using GNC without bit swapping. In a similar fashion, as  increases from 0 to 0.5, the gain for far user increases using GNC with bit swapping (due to bit swapping, the far user is now mapped to inner bits of the GNC constellation [1]). So, the gain mainly comes from ensuing Gray mapping for the inner bits. In the limiting case of  being close to either 0 or 1, there is not much gain for GNC over DSM.
Observation 1: GNC provides substantial gains over DSM for the user that is mapped to the inner bits of the GNC constellation.
Single-user far user detector
For this case, single user detector is used for far user. When the far user bits are mapped to outer bits, LLR generation treats the inner bits as noise and obtains LLR with respect to far user’s constellation. This does not require knowledge of near user modulation order at the far user detector.
On the other hand, when far user bits are mapped to inner bits when there is bit swapping for GNC, we use the simplified Log-MAP LLR generation. For the (QPSK, QPSK) case, we use 


for bits  and  where  and  and the terms  and  are GNC parameters (with ) as defined in [1]. In general, this approach requires knowledge of the near user modulation order at the far user’s detector when GNC with bit swapping is used.
Summary of results for SU far user detector is shown in Table 3‑2.
Table 3‑2 (QPSK, QPSK) with SU detector for far user
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(QPSK, QPSK)
	(5,5)
	0.95
	Off
	(11.9, 11.9)
	(0, 0.02)

	
	(5,5)
	0.9
	Off
	(9.9, 8.9)
	(0, 0.99)

	
	(5,5)
	0.8
	Off
	(7.97, 5.69)
	(0, 2.27)

	
	(5,5)
	0.6
	Off
	(3.2, 0)
	(0, 3.26)

	
	(5,5)
	0.4
	On
	(-8.3, -0.16)
	(8.2, 0.02)

	
	(5,5)
	0.2
	On
	(-12.1, -5.7)
	(6.4, 0)

	
	(5,5)
	0.1
	On
	(-13, -8.9)
	(4.1, 0)

	
	(5,5)
	0.05
	On
	-
	-

	
	(5,7)
	0.95
	Off
	-
	-

	
	(5,7)
	0.9
	Off
	(11.9, 11.4)
	(0, 0.48)

	
	(5,7)
	0.8
	Off
	(9, 7.67)
	(0, 1.33)

	
	(5,7)
	0.6
	Off
	(7.06, 1.09)
	(0, 5.97)

	
	(5,7)
	0.4
	On
	(-3.1, -1.47)
	(7.1, 5.49)

	
	(5,7)
	0.2
	On
	(-9.1, -7.7)
	(4.43, 3)

	
	(5,7)
	0.1
	On
	(-10.2, -11.4)
	(1.59, 2.75)

	
	(5,7)
	0.05
	On
	-
	-

	
	(5,9)
	0.95
	Off
	-
	-

	
	(5,9)
	0.9
	Off
	-
	-

	
	(5,9)
	0.8
	Off
	(10.9, 9)
	(0, 1.87)

	
	(5,9)
	0.6
	Off
	(8.2, 3.1)
	(0, 5.12)

	
	(5,9)
	0.4
	On
	(0, -3.4)
	(5.12, 8.57)

	
	(5,9)
	0.2
	On
	(-6.1, -3.1)
	(3.39, 5.95)

	
	(5,9)
	0.1
	On
	-
	-

	
	(5,9)
	0.05
	On
	-
	-


The trends for GNC gain over DSM holds even for the SU detector case. There are some scenarios (e.g., (MCS5, MCS5), ) where DSM is not feasible based on our definition of feasibility while GNC is feasible.
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For (QPSK, 16QAM), we focus mainly on MCS7 for far user and MCS14 for the near user.
Log-MAP detector
Summary of results for Log-MAP user detector is shown in Table 3‑3.
Table 3‑3 (QPSK, 16QAM) with log-MAP
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(QPSK, 16QAM)
	(7,14)
	0.9
	Off
	-
	-

	
	(7,14)
	0.8
	Off
	(11.4, 9.8)
	(0, 1.59)

	
	(7,14)
	0.6
	Off
	(5.9, 1.9)
	(0, 4)

	
	(7,14)
	0.4
	On
	(0.3, 1.97)
	(1.67, 0)

	
	(7,14)
	0.2
	On
	(-8.2, 2)
	(10.2, 0)

	
	(7,14)
	0.1
	On
	(-9.9, -1.9)
	(8, 0)



Single-user far user detector
Summary of results for SU far user detector is shown in Table 3-4.
Table 3‑4 (QPSK, 16QAM) with SU detector for far user
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(QPSK, 16QAM)
	(7,14)
	0.9
	Off
	-
	-

	
	(7,14)
	0.8
	Off
	(11.4, 9.8)
	(0, 1.59)

	
	(7,14)
	0.6
	On
	(4.1, 0)
	(-4.1, 0)

	
	(7,14)
	0.4
	On
	(-2.2, -1.9)
	(4.2, 0)

	
	(7,14)
	0.2
	On
	-
	-

	
	(7,14)
	0.1
	On
	(-12.1, -1.9)
	(10.2, 0)


It is noteworthy that for SU far user detector, there exists one scenario (MCS7, MCS14),  where GNC results in performance loss relative to DSM. However, for this scenario, there is a large performance gain if GNC without bit swapping and log-MAP detector are used. So clearly, log-MAP detection is preferable from a performance standpoint. One option is to fall back to DSM for certain  values and MCS pairs but, this makes both scheduling and signalling more complicated. Log-MAP detector is better suited for extracting the best user gains for MUST.
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For (16QAM, QPSK), we focus mainly on MCS14 for far user and MCS7 for the near user.
Log-MAP detector
Summary of results for Log-MAP user detector is shown in Table 3-5.
Table 3‑5 (16QAM, QPSK) with log-MAP
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(16QAM, QPSK)
	(14,7)
	0.9
	Off
	(9.9, 1.9)
	(0, 8)

	
	(14,7)
	0.8
	Off
	(8.2, -2)
	(0, 10.2)

	
	(14,7)
	0.6
	On
	(-0.3, 5.7)
	(6, 0)

	
	(14,7)
	0.4
	On
	(-5.9, -1.9)
	(4, 0)

	
	(14,7)
	0.2
	On
	-
	-

	
	(14,7)
	0.1
	On
	(-13.8, 2)
	(11.8, 0)



Single-user far user detector
Summary of results for SU user detector is shown in Table 3-6.
Table 3‑6 (16QAM, QPSK) with SU detector for far user
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(16QAM, QPSK)
	(14,7)
	0.9
	Off
	(8.9, 0.9)
	(0, 8)

	
	(14,7)
	0.8
	On
	(0, 0.4)
	(0.42, 0)

	
	(14,7)
	0.6
	On
	(-2.5, 5.7)
	(8.2, 0)

	
	(14,7)
	0.4
	On
	(-12, -1.9)
	(10.2, 0)

	
	(14,7)
	0.2
	On
	(-19, -9.8)
	(8.2, 0)

	
	(14,7)
	0.1
	On
	(-18, -13.8)
	(4.2, 0)
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For (16QAM, 16QAM), we focus mainly on MCS14 for far user and MCS14 for the near user.
Log-MAP detector
Summary of results for Log-MAP user detector is shown in Table 3-7.
Table 3‑7 (16QAM, 16QAM) with log-MAP
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(16QAM, 16QAM)
	(14,14)
	0.98
	Off
	-
	(0, 0)

	
	(14,14)
	0.95
	Off
	(13.6, 11.7)
	(0, 2)

	
	(14,14)
	0.9
	On
	(9.5, 7.4)
	(0.16, 2.2)

	
	(14,14)
	0.8
	On
	-
	-

	
	(14,14)
	0.6
	On
	(0, -0.2)
	(-0.2, 0)

	
	(14,14)
	0.4
	On
	(0, -0.2)
	(-0.2, 0)

	
	(14,14)
	0.2
	On
	(-4.2, -3)
	(1.2, 0)

	
	(14,14)
	0.1
	On
	(-11.2, -5.8)
	(4, -1.4)

	
	(14,14)
	0.05
	On
	(-13.8, -11.7)
	(2, -0.1)

	
	(14,14)
	0.02
	On
	(-14.2, -14.2)
	(0, 0)



Single-user far user detector
Summary of results for Log-MAP user detector is shown in Table 3-8.
Table 3‑8 (16QAM, 16QAM) with SU detector for far user
	Modulation order pair
	MCS pair
	
	Swap on/off
	SNRN/SNRF for
(DSM, GNC) (dB)
	Gain for GNC over DSM: (far user, near user) (dB)

	(16QAM, 16QAM)
	(14,14)
	0.98
	Off
	-
	(0, 0)

	
	(14,14)
	0.95
	Off
	-
	-

	
	(14,14)
	0.9
	On
	-
	-

	
	(14,14)
	0.8
	On
	-
	-

	
	(14,14)
	0.6
	On
	(-4.2, -2.2)
	(2.2, 0)

	
	(14,14)
	0.4
	On
	(-0.2, -0.2)
	(0, 0)

	
	(14,14)
	0.2
	On
	(-8.2, -3)
	(5.2, 0)

	
	(14,14)
	0.1
	On
	(-11.4, -7.4)
	(4.2, 0.2)

	
	(14,14)
	0.05
	On
	-
	-

	
	(14,14)
	0.02
	On
	-
	-



Based on these results, we observe that by suitably disabling or enabling bit-swapping for GNC based on the  selected, it is possible to achieve substantial gains over DSM. We have some additional observations:
Observation 2: There are some scenarios that are not feasible from a SNRN,0.1 / SNRF,0.1 standpoint for DSM while feasible with GNC.
Observation 3: Log-MAP soft detector is better suited for obtaining best possible gains for MUST relative to single-user detectors.
Based on these, we propose the following.
Proposal 1: Adopt GNC approach with adaptive bit swapping as the modulation scheme for Rel-13 MUST.
Proposal 2: Agree on signalling of co-scheduled user modulation order to enable implementation of joint user detection schemes at the UE for achieving best possible gains from MUST.
Conclusions
In this contribution, we presented preliminary link results for (QPSK, QPSK), (QPSK, 16QAM), (16QAM, QPSK) and (16QAM, 16QAM) cases. We observed the following.
Observation 1: GNC provides substantial gains over DSM for the user that is mapped to the inner bits of the GNC constellation.
Observation 2: There are some scenarios that are not feasible from a SNRN,0.1 / SNRF,0.1 standpoint for DSM while feasible with GNC.
Observation 3: Log-MAP soft detector is better suited for obtaining best possible gains for MUST relative to single-user detectors.
Additionally, we propose the following.
Proposal 1: Adopt GNC approach with adaptive bit swapping as the modulation scheme for Rel-13 MUST.
Proposal 2: Agree on signalling of co-scheduled user modulation order to enable implementation of joint user detection schemes at the UE for achieving best possible gains from MUST.
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