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1. Introduction
This contribution proposes text proposal for Superposition of PMCH and PMCH in TR 36.859.

2. Text Proposals
-----------------------<Start of text proposal for TR 36.859 Section 2>----------------------------------------------
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-----------------------<End of text proposal for TR 36.859 Section 2>-----------------------------------------------

-----------------------<Start of text proposal for TR 36.859 Section 6>----------------------------------------------

6
System-level performance evaluation

6.x 
Superposition of PMCH and PMCH

Superposition transmission can also be applied to PMCH+PMCH channels [a]

 REF _Ref432067663 \n \h 
 \* MERGEFORMAT [b]. In such a multicast/broadcast MBSFN scheme, two superposition layers are assumed for the PMCH, which are the base layer and the enhancement layer. The two superposed layers are both broadcasting information of interest to the users capable of detecting both layers. Base layer is expected to provide large broadcasting coverage, and the enhancement layer is expected to offer higher throughput for parts of the MBSFN users. The base layer and the enhancement layer will have different transmission power, modulation and coding schemes, so that the wide area coverage and enhanced throughput could be achieved simultaneously.
The following performance metrics were evaluated.

· UE throughput  that only base data layer is decoded  (Enhancement layer is also transmitted) 

· UE throughput  that only enhancement layer is decoded, for each value of enhancement 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.

6.x.1 
SINR calculations

Let (b and (e be the power splitting factors among base and enhancement layers The base-layer output SINR of the MMSE receiver fMMSE can be expressed as [b]
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Assume the contribution of xe is perfectly cancelled from 
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, the enhancement-layer output SINR is
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6.x.2 
Performance Evaluation

Baseline Rel-12 MBMS UE throughput (single layer transmission)
The figure below [b] shows the user spectral efficiency and weighted spectral efficiencies assuming a single layer transmission using a MMSE receiver, without advanced interference cancellation to handle the interference from neighboring MBSFN.
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Figure 6.x.2-1: Simulation results for single layer MBMS transmission using MMSE receiver

In the figure, the total weighted spectral efficiency is defined as 
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where ( base and ( enhance are the packet outage; Cbase and Cenhance are the spectral efficiency (total bits decoded per UE per Hz), of the base and enhancement layers respectively. 

The grey box indicates MCS settings where the 5% user outage requirement cannot be met. As observed, to satisfy the 95% coverage requirement, a lower MCS has to be selected for single layer transmission, even though some users may be in channel conditions that can benefit from a higher MCS. These users can thus enjoy gain brought about by the enhancement layer if superposition transmission is employed.

System performance of base layers with different power allocation

The figure below [a] shows the average MBSFN user throughput of the base layer when different power is allocated to the base layer. The MCS for the base layer in the simulation is selected that 95% of the users can decode the base layer at a BLER no higher than 1% for each allocated power factor to the base layer. 
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Figure 6.x.2-2: Performance of base layer with different power allocated to the base layer
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 base layer is the same for the cases that 95% and 100% power (single layer MBSFN) allocated to the base layer. Overall, more power allocated to the enhancement layer will result in lower base layer throughput. 

System performance of enhancement layers with different power allocation

The figure below [a] shows the throughput and coverage of the enhancement layer of different power allocation ratios. It can be concluded that larger power allocation to the enhancement layer will lead to larger throughput (coverage) for a given coverage (throughput) of the enhancement layer. Note that the enhancement layer throughput is the average enhancement layer throughput of the users within the enhancement layer coverage. 
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Figure 6.x.2-3: The throughput and coverage of the enhancement layer of different power allocation (BL power ratio: ratio of power allocated to base layer)
Overall system performance 

The figure below [b] show the total weighted spectral efficiency for some each MCS combination for base and enhancement layers at the optimum power distribution factor,
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Figure 6.x.2-4: Optimum Weighted Throughput

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 [a].
[image: image9.emf]0

2

4

6

8

10

12

14

16

70% 50% 30%

basic+enhanced layer average 

throughput(Mbps)

coverage

BL power ratio:95%

BL power ratio:80%

BL power ratio:70%

BL power ratio:60%


Figure 6.x.2-5: Overall average user throughput along with different power allocation and coverage for enhancement layer
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Figure 6.x.2-6: The throughput gain of MUST over single layer transmission of PMCH
	Power allocation 
to base layer
	Base layer MCS index
	Enhancement 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


Table 6.x.2-1: The MCS selection for base layer and enhancement layer

The above table shows the selected MCS for the base layer and the enhancement layer. For 30% coverage of the enhancement layer, very high MCS is selected. And it can be predicted that when tighter EVM is adopted, 256QAM can also be selected for the enhancement layer to further boost the throughput and coverage of the enhancement layer [a].
6.x.3 
Conclusion for Superposition transmission of PMCH

In conclusion, we observe that PMCH can benefit from superposition coding with respect to system level spectral efficiency, 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.

· System level simulations show that superposition coding can provide significant spectral efficiency gain in MBSFN deployment

· The more power is allocated to the base layer, the higher throughput will be achieved by the base layer and some power allocation only causes negligible average throughput degradation of the base layer. 

· Higher ratio of power allocated to the enhancement layer leads to larger enhancement layer throughput (coverage) for a given coverage (throughput) of the enhancement layer.

· For 95% power allocation to the base layer, the throughput and coverage of the base layer is not changed compared to the single layer transmission, while the enhancement 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.

· For 80% power allocation to the base layer, the throughput of the base layer is degraded to 2.7 Mbps compared with the single layer transmission. However, the enhancement layer provides around extra 6 Mbps for 70% MBSFN users and around extra 12 Mbps for 50% MBSFN users.

· Larger average throughput gain is achieved by applying MUST on PMCH. 150% throughput gain can be achieved without base layer throughput loss compared with single layer transmission. Maximally 250% throughput gain can be achieved.
· 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. 

-----------------------<End of text proposal for TR 36.859 Section 6>----------------------------------------------
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