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1. Introduction
In the WID on MUST, the following objectives are identified [1].
	The work item is to specify necessary mechanisms to enable LTE to support downlink intra-cell multiuser superposition transmission for PDSCH with assistance information from serving eNB to a UE regarding its experienced intra-cell interference. A MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
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.
Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 
The detailed objectives include:
1. (RAN4) For Case 1, 2 and 3, identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation.
2. (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.
3. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.
· The configuration of downlink multiuser superposition transmission.
· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.
4. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.
5. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4.
6. (RAN2) Specify necessary higher-layer signalling to support the objectives listed above.
Note: CSI enhancement is not part of this WI.


In this contribution, we compare the gain of MUST category 2 with multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation.
MUST category 2 with multiple transmission power ratios
According to the agreed WID, MUST category 2 with multiple transmission power ratios became one of the candidates for MUST. It can adjust the power ratio based on path-loss difference between far UE and near UE. On the other hand, scheduler complexity may be higher when the number of power ratios becomes larger. Therefore, the number of power ratios should be limited.
In the SI phase, each company evaluated the system-level MUST gain with arbitrary transmission power set [2-7]. That is, the transmission power sets are different according to the companies. Therefore, in this contribution, we evaluate MUST gain for various multiple power sets in order to decide adequate number of multiple power ratios.
Evaluation results
Table 1 shows the multiple transmission power ratios in this evaluation.
Table 1: Multiple transmission power ratios for evaluations
	# of transmission power ratios
	Transmission power ratios of near UE

	50
	0.01~0.50, step:0.01

	8
	0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40

	4
	0.15, 0.20, 0.25, 0.30

	2
	0.20, 0.25



We assume 2, 4, and 8 transmission power ratios for the evaluations. Moreover, we also evaluate 50 power sets to observe near upper bound. In this evaluation, we assume that non-full buffer traffic model with packet size of 100 kB, and wideband scheduling. Furthermore, the modulation scheme of far UE is restricted only to QPSK. And it is assumed that all the UEs know the assigned transmission power ratios. Other evaluation assumptions are listed in Annex.
Table 2: Throughputs and MUST gains
	Throughput (Mbps)
	Non-MUST 
	MUST category 2 with N transmission power ratio candidates

	
	
	N=50
	N=8
	N=4
	N=2

	Mean UPT
	5.08 
	5.78 (+13.9%)
	5.65 (+11.1%)
	5.67 (+11.6%)
	5.56 (+9.5%)

	5%ile UPT
	0.65 
	0.76 (+17.4%)
	0.76 (+16.8%)
	0.75 (+15.0%)
	0.74 (+14.2%)

	50%ile UPT
	3.31 
	3.98 (+20.4%)
	3.81 (+15.2%)
	3.83 (+15.8%)
	3.81 (+15.2%)

	95%ile UPT
	15.69 
	17.02 (+8.5%)
	17.02 (+8.5%)
	17.39(+10.9%)
	16.67 (+6.3%)

	RU
	84.7%
	82.5%
	82.3%
	81.9%
	83.6%

	Served/Offered
	0.9688 
	0.9795 
	0.9771
	0.9768
	0.97550

	λ / packet size
	10 / 100 KB

	Note
	Maximum transfer time = 1.6 sec, R-ML is applied as a near UE receiver



UPT performances are shown in Table 2. MUST gain over non-MUST is more than 10% if more than 2 transmission power ratios are applied in average UPT performance. This is because application of multiple power ratios can jointly adjust the path-loss difference between UEs and combination of their modulation schemes.
Observation:
· MUST gain can be more than 10% in average UPT when more than 2 power ratios are used.
Proposal:
· RAN1 should introduce MUST category 2 with multiple transmission power ratios.
· We prefer that the number of transmission power ratios is 4 or more.

4. Conclusion
In this contribution, we showed the system level simulation results, and we made the following observation and proposal:
Observation:
· MUST gain can be more than 10% in average UPT when more than 2 power ratios are used.
Proposal:
· RAN1 should introduce MUST category 2 with multiple transmission power ratios.
· We prefer that the number of transmission power ratios is 4 or more.
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6. Annex
Table 3 shows the evaluation assumptions.
Table 3: 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
	FTP model 1, 100KB

	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: 16)

	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
	Non-ideal CRS based CSI calculation

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

	EVM
	Tx: 8 %, Rx: 4 %



