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1. Introduction
At the RAN1#82 meeting, the following agreement was obtained for MUST schemes [1].
	Agreement:
· Multiuser superposition transmission schemes can be categorized as follows
· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation
· R1-153044 (MediaTek), R1-153798 (Huawei), R1-153985 (Intel), R1-154282 (LGE), R1-154535 (NTT DoCoMo), R1-154701 (Xinwei)
· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation
· R1-153798 (Huawei), R1-154055 (ZTE), R1-154184 (Samsung), R1-154282 (LGE), R1-154454 (MediaTek), R1-154535 (NTT DoCoMo)
· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation
· R1-153798 (Huawei), R1-153891 (Qualcomm), R1-154656 (Nokia)


In this contribution, we compare the above MUST categories by system-level simulation.
2. MUST categories
At the RAN1#82 meeting, the feature of each MUST category is summarized as follow in [2].
Table 1: Classification of MUST schemes and their key characteristics
	Categories
	Power ratio
	Gray mapping
	Label-bit assignment

	MUST Category 1
	adaptive, on component constellations
	N
	on component constellations

	MUST Category 2
	adaptive, on component constellations
	Y
	on the composite constellation

	MUST Category 3
	N/A
	Y
	on the composite constellation



MUST category 1 can superpose plurality of signals non-orthogonally. An eNB can determine the power ratio of each UE adaptively. Therefore, the highest MUST gain can be expected since the opportunities of the transmission based on superposition coding increase by adaptive power allocation. However, for example in 2 UEs case, if the near UE is not implemented with an interference canceller, such as CWIC, it causes degradation of performance for the near UE. In MUST category 1, the near UE needs to uses the interference canceller to detect the desired signal.
MUST category 2 is similar to MUST category 1 in terms of use of the superposition coding and the flexibility of power ratio. With ideal IC, the same MUST gain can be obtained. The difference between MUST category 1 and 2 is whether non-Gray-mapped or Gray-mapped composite constellation. Thanks to the Gray mapping, it is expected that MUST category 2 has little degradation from CWIC even if R-ML receiver is assumed.
MUST category 3 uses the uniform constellations, i.e. 16QAM, 64QAM, and 256QAM, as a MUST signal. Therefore, it comes to use the predetermined power ratio. Therefore, MUST gain would seem to be lower than the others. However, the near UE is not required to have the power ratio information signaled or blindly detected.
3. System level simulation
As a receiver to cancel the far UE’s signal, CWIC and R-ML can be assumed. Therefore, in this contribution, we evaluate the both receiver type. However, we assume ideal IC instead of CWIC as a receiver modeling. In this case, MUST category 1 and 2 follow the same modeling. Therefore, MUST category 1 and 2 with ideal IC should show the same gain.
We assume the superposed UEs use the same rank and the same precoder for simplification. Moreover, far UEs always use QPSK modulation. Wideband scheduling is assumed. In RAN1 #82 meeting, MUST category 1 and 2 are evaluated with finite various power ratio [3-9]. In this simulation, the power ratio for the near UE for MUST category 1 and 2 is [0.01, 0.02, … , 0.50]. The other assumptions are described in Annex.
Gains of each MUST category are summarized in Table 2. We can see MUST category 1 and 2 with ideal IC can achieve the highest MUST gain. Moreover, the difference between ideal IC and R-ML is marginal.
Although MUST category 3 has an advantage where near UEs don’t require the power ratio information, the gain is lower than the others.
Table 2: Gains of each MUST category
	
	Cell average throughput gain
	5%ile UE throughput gain

	
	Ideal IC
	R-ML
	Ideal IC
	R-ML

	MUST category 1
	10.3 %
	8.8 %
	17.6 %
	7.8 %

	MUST category 2
	10.3 %
	10.2 %
	17.6 %
	16.5 %

	MUST category 3
	7.4 %
	7.1%
	9.5 %
	7.0 %



The ratio of the number of multiplexed UEs is in Table 3. If the ideal IC is assumed, the highest MUST opportunity can be obtained in MUST category 1 and 2. If R-ML is assumed, MUST category 2 has a highest MUST opportunity of the three. However, MUST category 3 has lowest opportunity since the most significant limits are imposed in respect to the power ratio set and modulation order.
Table 3: Ratio of 2 UEs multiplexing
	
	MUST category 1
	MUST category 2
	MUST category 3

	Ideal IC
	61.4 %
	61.4 %
	33.4 %

	R-ML
	50.9 %
	58.5 %
	34.1 %



Observation 1:
· MUST category 1 has 10.3% gain in average cell throughput, and 17.6% gain in 5%ile UE throughput
Observation 2:
· MUST category 2 has the same gain with MUST category 1
· R-ML receiver has almost the same performance as the ideal IC
Observation 3:
· MUST category 3 has 7.4% gain in average cell throughput, and 9.5% gain in 5%ile UE throughput
Observation 4:
· Adaptive power allocation increases the ratio of superposed signals and performance gains
4. Conclusion
In this contribution, we showed the system level simulation results, and we made the following observations:
Observation 1:
· MUST category 1 has 10.3% gain in average cell throughput, and 17.6% gain in 5%ile UE throughput
Observation 2:
· MUST category 2 has the same gain with MUST category 1
· R-ML receiver has almost the same performance as the ideal IC
Observation 3:
· MUST category 3 has 7.4% gain in average cell throughput, and 9.5% gain in 5%ile UE throughput
Observation 4:
· Adaptive power allocation increases the ratio of superposed signals and performance gains
5. References
[1] Chairman’s Notes RAN1 #82, Beijing, China, Aug. 2015.
[2] R1-154999, Huawei, HiSilicon, MediaTek, NTT DOCOMO, Sony, CHTTL, HTC, CATR, OPPO, ITRI, “TP for classification of MUST schemes,” RAN1#82, Beijing, China, Aug. 2015.
[3] R1-153987, Intel Corporation, “System-level performance of downlink multi-user superposition transmission schemes,” RAN1#82, Beijing, China, Aug. 2015.
[4] R1-154543, LG Electronics, “Initial System Level Simulations for MuST,” RAN1#82, Beijing, China, Aug. 2015.
[5] R1-154544, Ericsson, “Initial System Level Simulations for MuST,” RAN1#82, Beijing, China, Aug. 2015.
[6] R1-154456, MediaTek Inc., “System Level Evaluation on MUST,” RAN1#82, Beijing, China, Aug. 2015.
[7] R1-154638, CATR, “Initial evaluation result of downlink Multiuser Superposition Transmission Scheme,” RAN1#82, Beijing, China, Aug. 2015.
[8] R1-154657, Nokia Networks, “System-level evaluation of MUST,” RAN1#82, Beijing, China, Aug. 2015.
[9] R1-154749, NTT DOCOMO, “System level evaluation results for downlink multiuser superposition schemes,” RAN1#82, Beijing, China, Aug. 2015.







6. Annex
Table 5 shows the evaluation assumptions.
Table 5: system-level simulation assumptions
	Parameters
	Assumptions / Values

	Scenario
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	Traffic model
	Full buffer (10UE/Cell)

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

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

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2 Tx, cross-polarized (+45 degree / -45 degree)
UE: 2 Rx, cross-polarized (0 degree / 90 degree)

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m

	UE receiver
	For inter-cell and inter-spatial-layer interference
· MMSE-IRC
· Non-ideal covariance matrix estimation modelled by Wishart distribution (degree of freedom: 8) [3]

	Transmission mode 
	TM4 (Fixed to rank-1)

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Handover margin
	3 dB

	Overhead
	3 symbols for DL CCHs

	Receiver impairment modelling for demodulation
	Non-ideal CRS based channel estimation

	CSI estimation
	Ideal CRS based CSI calculation

	Feedback
	CSI reporting mode 1-1
Feedback periodicity: 5ms
Feedback delay: 5ms

	EVM
	Tx: 0%, Rx: 0%



