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1. Introduction
MUST WID [1] was agreed in RAN71. This contribution aims to discuss the following objective as defined in the WID:

·  (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.
Case 1 and case 2 mentioned above are defined as:

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.
This contribution provides the principle of power-ratio selection and evaluates the system performance with single or multiple power ratios. We also discuss the impact of restricting far-user’s signal to be QPSK modulated on system performance. 
2. Modulation order of far-user

In this section we first consider the statistics of applied modulation order and power ratio for MUST users under FTP traffic in MUST Scenario 1, and RU is around 80%. Simulation is conducted with 2 transmit antennas and RML is the assumed receiver to handle interference caused by superposed users. We apply the abstraction model introduced in [2] to evaluate system performance with RML receiver. 

	Power-ratio for far-user
	(N, F)
=(QPSK, QPSK)
	(N, F)
=(16QAM, QPSK)
	(N, F)
=(64QAM, QPSK)
	(N, F)
=(16QAM, 16QAM)
	(N, F)
=(64QAM, 16QAM)

	0.6688
	2.39%
	21.35%
	2.36%
	0.00%
	0.00%

	0.7625
	3.13%
	4.58%
	1.90%
	0.00%
	0.00%

	0.8750
	17.49%
	8.35%
	0.90%
	1.55%
	0.04%

	0.9125
	23.03%
	11.31%
	0.16%
	1.46%
	0.01%


Table 1. Statistics of modulation order and power ratio applied to MUST users with Category 2 
Table 1 presents the statistics for the combinations of used power-ratio and modulation orders when two users’ PDSCH are transmitted with MUST category-2. 
Observation 1: 16QAM is seldom used for far-users. 
Following this observation, we further evaluate the system performance with additional QPSK restriction on far-users.
	Throughput (Mbps)
	Medium Load (~80% RU) with packet size of 100 KB

	
	Baseline
	MUST Category 2; wideband scheduling; RML

	
	
	without QPSK restriction
	with QPSK restriction

	Mean UPT
	6.31
	6.91
	+9.51%
	7.40
	+17.27%

	0-5% mean UPT
	0.351
	0.487
	+38.74%
	0.631
	+79.77%

	5%ile UPT
	0.702
	0.820
	+16.81%
	0.963
	+37.18%

	50%ile UPT
	3.16
	3.67
	+16.00%
	4.08
	+29.11%

	RU
	81.83%
	80.18%
	
	78.64%
	

	Served/Offered
(40000 subframes simulated)
	95.89%
	96.93%
	
	97.58%
	

	Λ
	10.5 (users/cell/sec)

	Note
	Maximum transfer time = 1600 ms


Table 2. System performance comparison for systems with/without QPSK restriction for far-user
Observation 2: Restricting PDSCH transmitted to far-user to be QPSK leads to better performance than the case without QPSK restriction when RML receiver is considered.
Checking the statistics in Table 1, we observed that it is possible to have some combinations like (MODN, MODF)=(64QAM, 16QAM) and (MODN, MODF)=(16QAM, 16QAM), with very low probability. The decoding performance corresponding to these combinations might be sensitive to scheduling delay and channel estimation error, and also EVM. The setting with EVM = 8% is not suitable for these modulation-order combinations. This might be why we see the performance degradation when allowing 16QAM for far-users.
On the other hand, from the perspective of either network signaling or blind detection for the modulation order used by MUST far-user, restricting far-user to be QPSK implies the uncertainty on far-user’s modulation order directly disappears. It eases the overhead concern on controlling overhead and blind detection for far-user’s modulation order is no longer needed. Moreover, if we aim to apply MUST to legacy users, who don’t have the power information, legacy-users must be far-user and QPSK modulated. QAM is not suitable for legacy users because that QAM demodulation needs to know the exact allocated power on this user. 
Based on the analysis above we then have the following proposal:

Proposal 1: PDSCH transmitted to far-users should be QPSK modulated.
3. Selection of power ratios

Principles to select multiple power ratios

Table 1 shows the power ratio α used in simulations for MUST category-2. The power ratio sets are the same in each near-user and far-user modulation order combination (MODN, MODF).
	Power split factor
	0.6688
	0.7625
	0.8750
	0.9125


Table 3. Power ratio α in MUST category-2 with multiple power ratios
The principle of power-ratio selection is based on the minimum distance among all constellation points formed by the superposed modulated symbols. Minimum distance is a metric highly related to how a near-user decodes its own information. Each (MODN, MODF) with specific power ratio α decides the locations of constellation points formed by superposed signals. 
For each combination of (MODN, MODF) and α, the minimum distance of any two constellation points are calculated and presented in Figure 1. In each subplot, the horizontal axis is the searched power ratio, and the vertical axis is the minimum distance of any two points in one combination with (MODN, MODF, α). The searched power ratio range is from 0.5 to 1.0 and the resolution is 1/160. In order to reduce the detection error, the minimum distance should be as large as possible. A power ratio α leading to overlapped constellation points should be discarded. Here we select power ratios with largest minimum distance in the intervals [0.6, 0.7), [0.7, 0.8), [0.8, 0.9) and [0.9, 1.0). Allowing multiple power ratios provides some scheduling flexibility and may lead to better performance compared to the case with single power ratio. Later on we will evaluate the system performance to see if we can further reduce the number of power ratios.
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Figure 1. Minimum distances of any two points in constellation points with (MODN, MODF, α)
Multiple power ratios vs. a single power ratio

Here we compare system performance with multiple power ratios or a single power ratio. For the single power-ratio case, we select the power ratio such that the superposed symbol is still legacy modulated symbol, as suggested in WID[1]. 
	Throughput (Mbps)
	Medium Load (~80% RU) with packet size of 100 KB

	
	Baseline
	MUST Category 2; wideband scheduling; RML

	
	
	Multiple power ratios
	Single power ratio

	Mean UPT
	6.31
	7.40
	+17.27%
	7.22
	+14.42%

	0-5% mean UPT
	0.351
	0.631
	+79.77%
	0.589
	+67.81%

	5%ile UPT
	0.702
	0.963
	+37.18%
	0.899
	+28.06%

	50%ile UPT
	3.16
	4.08
	+29.11%
	3.91
	+23.73%

	RU
	81.83%
	78.64%
	
	79.55%
	

	Served/Offered
(40000 subframes simulated)
	95.89%
	97.58%
	
	97.40%
	

	λ
	10.5 (users/cell/sec)

	Note
	Maximum transfer time = 1600 ms


Table 4. System performance comparison for multiple power ratios vs. single power ratio
The results above show that multiple levels for power ratio brings some gain for both average and cell-edge throughput. Compared with the system with single power ratio, the system allowing multiple power ratios further provides 2.8% gain for average UPT and 9% gain for 5-percentile UPT. Thus we think it is necessary to specify multiple power ratios for Rel-14 MUST. 
Observation 3: Compared to a system limited to single transmission power ratio and legacy constellation for co-scheduled MUST users in each constellation combination, a system allowing multiple power ratios further provides 2.8% gain for average UPT and 9% gain for 5-percentile UPT.
Proposal 2: Agree to specify multiple power ratios for each (MODN, MODF) combination.
4. Conclusion

This contribution provides the principle of power-ratio selection and evaluates the system performance with single or multiple power ratios. The impact of restricting far-user’s signal to be QPSK modulated on system performance is also discussed. We have the following observations and proposals:
Observation 1: 16QAM is seldom used for far-users. 

Observation 2: Restricting PDSCH transmitted to far-user to be QPSK leads to better performance than the case without QPSK restriction when RML receiver is considered.

Observation 3: Compared to a system limited to single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination, a system allowing multiple power ratios further provides 2.8% gain for average UPT and 9% gain for 5-percentile UPT.
Proposal 1: PDSCH transmitted to far-users should be QPSK modulated.
Proposal 2: Agree to specify multiple power ratios for each (MODN, MODF) combination.
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Appendix

	Parameters
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0 GHz

	Total eNB TX power
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna height
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 
· 2 Tx, cross-polarized

UE: 
· 2 Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with packet size = 100 Kbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST near-users the following is assumed

· RML for intra-spatial-layer interference cancellation

· MMSE-IRC is assumed for inter-spatial-layer interference 
For other users, MMSE-IRC is assumed for inter/intra-spatial-layer interference suppression

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2 CRS ports 

	Transmission schemes
	SU-MIMO and MUST

	Feedback assumption
	Realistic CRS channel/interference estimation
RI/PMI/CQI feedback period = 5ms
SU-MIMO CSI feedback with 5ms feedback delay

	Receiver impairment modeling for demodulation
	Modeled

	EVM
	Tx EVM = 8%; Rx EVM = 4%

	HARQ
	No HARQ

	Power ratio sets
	One or four levels for MUST users


