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Introduction
At the RAN#68 meeting, the SID for the MUST is revised and according to the updated SID [1], performance of superposition transmission schemes on PMCH will be evaluated and presented. 
· [bookmark: _GoBack]…………
· Investigate the potential gain of the identified transmission schemes in the 1st objective for the superposition of PMCH and PMCH within an MBSFN area (not necessarily within one cell) as a second priority to the superposition of PDSCH and PDSCH if time permits.
· …………
In this contribution, we present the simulation results for MUST [2] on PMCH according to the simulation assumptions captured in [3]. 
MUST for superposition of PMCH and PMCH
In this contribution, MUST is assumed for the superposition of the PMCH and PMCH channels, two superposition layers are assumed for the PMCH which are the basic layer and the enhanced layer. Basic layer is expected to provide large broadcasting coverage, and the enhanced layer is expected to offer higher throughput for parts of the MBSFN users. The basic layer and the enhanced layer will have different transmission power, modulation and coding schemes, so that the wide area coverage and enhanced throughput could be achieved simultaneously.  
UE receiver assumptions for MUST on PMCH
In the schemes of MUST for PMCH, two superposed layers are both broadcasting information, which are interested by the users capable of detecting both layers.
Both hard CW-IC and R-ML can be used for the link to system modeling, while for SOMA scheme, R-ML can also be used [4]. In this evaluation, hard CW-IC is applied, and it is expected that similar performance can be obtained by applying R-ML for SOMA.
System level simulation results of MUST on PMCH
In this section, the simulation results are presented, where the system level performance of MUST on PMCH is investigated from the point of views of power allocation, coverage etc. The detailed simulation assumptions are listed in the appendix.  For the basic layer, the enhanced layer signal is viewed as interference, and is not specially treated. The targeted coverage of basic layer is 95% according to the assumption. Given the power allocation ratio between the superposed layers, SINR of MBSFN signal for basic layer with 95% coverage is determined, and thus the MCS index is determined which can then determine the throughput of the basic layer. Similarly, given a targeted coverage and the power allocation ratio, the throughput of enhanced layer within the coverage can be determined. In this section, the performance of the basic layer and the enhanced layer will be presented respectively.


System performance of basic layers with different power allocation
The MCS for the basic layer in the simulation is selected that 95% of the users can decode the basic layer at a BLER no higher than 1% for each allocated power factor to the basic layer. 


Fig.1 Performance of basic layer with different power allocated to the basic layer
Fig.1 shows the average MBSFN user throughput of the basic layer when different power is allocated to the basic layer. And it is noted that, some power allocations have almost the same throughput performance which is due to the quantization of the MCS. For example, the throughput of the basic layer is the same for the cases that 95% and 100% power (single layer MBSFN) allocated to the basic layer. Overall, more power allocated to the enhanced layer will result in lower basic layer throughput. 

Observation 1: the more power is allocated to the basic layer, the higher throughput will be achieved by the basic layer and some power allocation only causes negligible average throughput degradation of the basic layer. 
System performance of enhanced layers with different power allocation
Figure 2 shows the throughput and coverage of the enhanced layer of different power allocation ratios. It can be concluded that larger power allocation to the enhanced layer will lead to larger throughput (coverage) for a given coverage (throughput) of the enhanced layer. Note that the enhanced layer throughput is the average enhanced layer throughput of the users within the enhanced layer coverage. 

[image: ]
Fig.2 The throughput and coverage of the enhanced layer of different power allocation 
(BL power ratio: ratio of power allocated to basic layer)

Observation 2: higher ratio of power allocated to the enhanced layer leads to larger enhanced layer throughput (coverage) for a given coverage (throughput) of the enhanced layer.
Observation 3: for 95% power allocation to the basic layer, the throughput and coverage of the basic layer is not changed compared to the single layer transmission, while the enhanced layer provides significant extra throughput to the MBSFN users, e.g., around extra 1.8 Mbps for 70% MBSFN users, around extra 6.5 Mbps for 50% MBSFN users.
Observation 4: for 80% power allocation to the basic layer, the throughput of the basic layer is degraded to 2.7Mbps compared with the single layer transmission. However, the enhanced layer provides around extra 6 Mbps for 70% MBSFN users and around extra 12 Mbps for 50% MBSFN users.
Overall system performance 
In this section, to compare the MUST and single layer transmission, the average throughput is calculated among all the users in the simulation nevertheless they are in or out of the targeted MBSFN coverage. Then we could compare the throughput gain brought by MUST.
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Fig.3. Overall average user throughput along with different power allocation and coverage for enhanced layer 
[image: ]
Fig.4. The throughput gain of MUST over single layer transmission of PMCH 
(Note: the average throughput is calculated among all of the users)
TABLE I The MCS selection for basic layer and enhanced layer
	Power allocation 
to basic layer
	Basic layer MCS index
	Enhanced layer MCS Index

	
	
	70% coverage
	50% coverage
	30% coverage

	1
	6
	N/A
	N/A
	N/A

	0.95
	6
	3
	11
	19

	0.8
	4
	10
	18
	27

	0.7
	3
	12
	20
	27

	0.6
	2
	14
	21
	28



The above table shows the selected MCS for the basic layer and the enhanced layer. For 30% coverage of the enhanced layer, very high MCS is selected. And it can be predicted that when tighter EVM is adopted, 256QAM can also be selected for the enhanced layer to further boost the throughput and coverage of the enhanced layer. 
Observation 5: larger average throughput gain is achieved by applying MUST on PMCH. 150% throughput gain can be achieved without basic layer throughput loss compared with single layer transmission. Maximally 250% throughput gain can be achieved.
Observation 6:  MUST on PMCH provide the operators with many valuable configurations or billing possibilities, e.g. 4Mbps basic service +extra 2Mbps for 70% of users or 2.5Mbps basic service +extra 12Mbps for 50% of users. 
Conclusions 
In this contribution, we present the simulation results for MUST on PMCH. The MUST schemes on PMCH provides a throughput planning tool where a minimum throughput is guaranteed and a part of the users can experience much higher throughput, which creates valuable configurations and billing possibilities for the operators. More observations are as follows.
Observation 1: the more power is allocated to the basic layer, the higher throughput will be achieved by the basic layer and some power allocation only causes negligible average throughput degradation of the basic layer. 
Observation 2: higher ratio of power allocated to the enhanced layer leads to larger enhanced layer throughput (coverage) for a given coverage (throughput) of the enhanced layer.
Observation 3: for 95% power allocation to the basic layer, the throughput and coverage of the basic layer is not changed compared to the single layer transmission, while the enhanced layer provides significant extra throughput to the MBSFN users, e.g., around extra 1.8 Mbps for 70% MBSFN users, around extra 6.5 Mbps for 50% MBSFN users.
Observation 4: for 80% power allocation to the basic layer, the throughput of the basic layer is degraded to 2.7 Mbps compared with the single layer transmission. However, the enhanced layer provides around extra 6 Mbps for 70% MBSFN users and around extra 12 Mbps for 50% MBSFN users.
Observation 5: larger average throughput gain is achieved by applying MUST on PMCH. 150% throughput gain can be achieved without basic layer throughput loss compared with single layer transmission. Maximally 250% throughput gain can be achieved.
Observation 6:  MUST on PMCH provide the operators with many valuable configurations or billing possibilities, e.g. 4Mbps basic service + extra 2Mbps for 70% of users or 2.5Mbps basic service +extra 12Mbps for 50% of users. 
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Appendix: detailed simulation parameters
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites  (other sizes of MBSFN and heterogeneous scenario are optional) 

	Inter Macro eNB distance
	500m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0GHz

	Total BS TX power
	46dBm

	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)

	Shadowing
	ITU UMa

	Antenna pattern
	3D

	Antenna Height: 
	25m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	2 Tx, cross-polarized, 0.5lambda
UE: 2 Rx, cross-polarized

	Traffic model
	Full buffer

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

	Minimum distance
	Macro-UE: >35m

	UE receiver
	MMSE-IRC as baseline

	UE noise figure
	9dB

	UE speed
	3km/h

	Performance metrics
	· UE throughput  that only base data layer is decoded  (Enhanced layer is also transmitted) 
· UE throughput  that only enhanced layer is decoded, for each value of enhanced layer coverage (Base layer is also transmitted. The coverage of enhanced data layer are 30%, 50%, 70%, and other coverage value of enhanced data layer is not precluded.)
· Baseline Rel-12 MBMS UE throughput (single layer transmission)
The coverage of one data layer is defined as the proportion of UEs whose BLER for the data layer is no higher than 1%
The coverage of base layer is 95% for both baseline and evaluated MUST schemes. 99% coverage of base layer is optional. 

	Considered transmission schemes 
	single antenna port

	Baseline MMSE-IRC receiver impairment modelling (demodulation) 
	Non-ideal channel estimation of PMCH for MMSE-IRC. Companies should describe simulation details for reproducing results. 

	Number of symbols for control region 
	2

	EVM 
	Tx EVM: 8%, FFS smaller values
UE Rx EVM: 4% 
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