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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]RAN1#95 meeting agreed to evaluate the following enhancements [1]:
· High priority items:
a. New numerologies for support of larger ISDs and mobility
b. New MBSFN-RS patterns
c. [bookmark: OLE_LINK4]MUST for SC-PTM/PMCH
· Low priority items:
a. Higher modulation schemes
b. Time-based interleaving
c. Lower guard BW for new numerologies
This contribution provides the simulation results of MUST for SC-PTM and MBSFN based broadcast service to support a large coverage and high mobility scenarios.
Assumptions for evaluating MUST for SC-PTM and MBSFN
The companion contribution [2] provides an overview of MUST introduced to LTE Rel-14, where MUST is used for unicast transmission. According to the analysis in [2], MUST can be used for PDSCH and PMCH channels to provide broadcast services. 
In this contribution, for the purpose of evaluation, MUST is assumed to be the superposition of two PDSCH channels for SC-PTM based broadcast, or two PMCH channels for MBSFN based broadcast. The two superposition layers are assumed to be the basic layer and the enhanced layer, where the basic layer is expected to provide large broadcasting coverage, and the enhanced layer is expected to offer higher spectral efficiency for parts of the broadcast users. The transmitter and receiver for MUST refer to the companion contribution [2]. 
The pre-processing SINRs are provided by system-level simulation and the spectral efficiency results are obtained by link-level simulation. The average spectral efficiency over 95% coverage and 50% coverage as the metric is used to evaluate the MUST performance. 
The SINR calculation for MBSFN follows the agreements in RAN1#95 [1]. The center of EI is equal to half of CP length relative to the beginning of the FFT window, and the EI length is 237.5 us for 200 us CP length. The signal time probability of serving and interfering transmitters for SC-PTM evaluation is 50%/50%.

Simulation results of MUST
[bookmark: _GoBack]Simulation results of MUST for SC-PTM based and MBSFN based broadcast are presented in this section. 
Simulation results of MUST for SC-PTM
In this section, we present the simulation results of MUST for SC-PTM.
Table 1 shows the 95%-tile SINR without MUST, 95%-tile SINR with MUST, and 50%-tile SINR with MUST of SC-PTM for rooftop and car-mounted scenarios. 
[bookmark: _Ref535422661]Table 1: SINR of SC-PTM
	Scenarios
SINR (dB)
	Rooftop
	Car-Mounted

	
	HPHT-2
	HPHT-1
	MPMT
	HPHT-1
	MPMT

	95%-tile SINR w/o MUST
	11.3
	13.6
	12.0
	1.5
	1.0

	95%-tile SINR w/ MUST
	9.9
	12.1
	11.1
	0.8
	0.1

	50%-tile SINR w/ MUST
	9.9
	12.2
	4.3
	4.2
	1.0



The average spectral efficiency results without MUST, with MUST, and the gain of MUST for SC-PTM are tabulated in Table 2.
[bookmark: _Ref535422668][bookmark: OLE_LINK169]Table 2: Average spectral efficiency results and the gain of MUST for SC-PTM
	Scenarios
Spectral 
efficiency (bps/Hz)
	Rooftop
	Car-Mounted

	
	HPHT-2
	HPHT-1
	MPMT
	HPHT-1
	MPMT

	w/o MUST
	1.96
	2.51
	2.26
	0.44
	0.44

	w/ MUST
	2.70
	3.39
	2.57
	0.79
	0.58

	w/ MUST gain
	37.8%
	35.1%
	13.7%
	79.5%
	31.8%



Observation 1: For SC-PTM with MUST enhancement, the gain of average spectral efficiency are 13.7%~79.5%.

Simulation results of MUST for MBSFN
In this section, we present the simulation results of MUST for MBSFN.
Table 3 shows the 95%-tile SINR without MUST, 95%-tile SINR with MUST, and 50%-tile SINR with MUST of MBSFN with 200 us CP length for rooftop and car-mounted scenarios.
[bookmark: _Ref535423089]Table 3: SINR of MBSFN with 200us CP length
	Scenarios
SINR (dB)
	Rooftop
	Car-Mounted

	
	HPHT-2
	HPHT-1
	MPMT
	HPHT-1
	MPMT

	95%-tile SINR w/o MUST
	6.9
	10.0
	15.4
	0.9
	5.4

	95%-tile SINR w/ MUST
	6.1
	8.4
	13.7
	0.3
	4.1

	50%-tile SINR w/ MUST
	5.3
	10.0
	9.4
	0.5
	2.9



The average spectral efficiency results for MBSFN 200us CP length without MUST, with MUST, and the gain of MUST for MBSFN are tabulated in Table 4.
[bookmark: _Ref535423110]Table 4: Average spectral efficiency results and the gain of MUST for MBSFN with 200us CP length
	Scenarios
Spectral 
efficiency (bps/Hz)
	Rooftop
	Car-Mounted

	
	HPHT-2
	HPHT-1
	MPMT
	HPHT-1
	MPMT

	w/o MUST
	0.85
	1.26
	1.94
	0.28
	0.68

	w/ MUST
	1.11
	1.74
	2.33
	0.42
	0.85

	w/ MUST gain
	30.6%
	38.1%
	20.1%
	50.0%
	25.0%



Observation 2: For MBSFN 200us CP length with MUST enhancement, the gain of average spectral efficiency are 20.1%~50%.

Conclusions
In this contribution, we present the system level and link level simulation results of MUST enhancements for SC-PTM and MBSFN, and the following observations are given:
Observation 1: For SC-PTM with MUST enhancement, the gain of average spectral efficiency are 13.7%~79.5%.
Observation 2: For MBSFN 200us CP length with MUST enhancement, the gain of average spectral efficiency are 20.1%~50%.
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