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1. Introduction

In RAN1#81, it was agreed that PMCH enhancement by superposition transmission should be studied if time permits in Rel-13. In this contribution, we provide some system-level evaluation results for PMCH MUST. 

2. Discussion
For the system-level evaluation of PMCH MUST in this contribution, we assumed that;

· No interference from neighbour MBSFN areas.

· The interference from the base layer is cancelled perfectly when the enhanced layer is decoded.

· The decoding of base layer signal is done without cancellation of enhanced layer signal, i.e., the signal transmitted on the enhanced layer is regarded as a noise from a base layer decoding perspective.
· The “
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” is defined as the ratio of enhanced layer signal’s power to the total transmit power.
· Details of simulation parameter can be found in appendix.

According to [1], performance metrics for PMCH MUST are as follows; 
· 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 coverages 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)

In this section, we provide performance metric (as mentioned above) and geometry CDF of each layer.

2.1. Base layer performance
Figure 1 shows the geometry CDF of the base layer signal. The SINR in the figure can be calculated as:
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where “RxSig” is the power summation of received signals from each cell (which is in a same MBSFN area), “TxEVM” and “RxEVM” is agreed as 8% and 4%, respectively. Because no interference from neighbour MBSFN areas is assumed, the enhanced layer signal is only regarded as interference. 
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Figure 1. Geometry CDF of base layer with different “
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” values
In figure, the “
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=1” case means the geometry CDF of Rel-12 MBMS without interference, and SINR limitation is caused by interference from enhanced layer and Tx/Rx EVM.  
Figure 2 shows performance of base layer with different 
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values. Regarding the each layer performance, it was agreed that the coverage of one data layer is defined as the proportion of UEs whose BLER for the data layer is no higher than 1%, and the coverage of base layer is 95% for both baseline and evaluated MUST schemes. In this simulation, the MCS for the base layer is selected if the BLER of that MCS is no higher than 1% at the SINR corresponding to 95% coverage. As shown in the figure, the performance of base layer depends on the power allocated to base layer, i.e., the throughput of base layer increases in proportion to the power allocated to base layer.
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Figure 2. Performance of base layer with different “
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” values
2.2. Enhanced layer performance
Figure 3 shows the geometry CDF of the enhanced layer signal. The SINR in this case can be calculated as: (Because we assume perfect inter-layer interference cancellation, there is no inter-layer interference in this case.)
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Figure 3. Geometry CDF of enhanced layer with different “
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” values
The performance of enhanced layer is shown in Figure 4. The enhanced layer performance, in common with base layer performance, depends on the power allocated to enhanced layer, i.e., the larger throughput of enhanced layer can be achieved when high power is allocated to enhanced layer.  
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Figure 3. Performance of enhanced layer with different “
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2.3. Overall Performance 

Figure 4 shows rate region and performance gain of PMCH MUST. In Figure 4(a), we consider normalized throughput as a performance metric in order to find the gain of PMCH MUST scheme compared to PMCH OMA (e.g., TDM) scheme. The normalized throughput of 1 on the base layer axis means the throughput of 95% coverage when all transmission power is allocated to base layer (
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=0). In the case of enhanced layer, the normalized throughput of 1 means the throughput of each evaluated coverage (i.e., 30, 50, and 70% EL coverage) when all transmission power is allocated to enhanced layer (
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=1). In case of single layer transmission of PMCH, the blue line in Figure 4(a) can be achieved by using TDM between single layer transmission targeting 95% coverage and that targeting small coverage (i.e., 30, 50, and 70% EL coverage) and we call the blue line the rate region of PMCH OMA. 
The normalized performance of PMCH MUST scheme can be calculated by sum of normalized throughputs of enhanced layer and base layer. Note that the normalized performance of PMCH OMA is one since the sum of normalized throughputs of enhanced layer and base layer at all point on the blue line is one. In Figure 4 (b), the gain of PMCH MUST over PMCH OMA is shown, which is calculated based on normalized performance. According to the results, it can be observed that high power allocation to the enhanced layer leads to lower gain of PMCH MUST. 
Observation 1: PMCH MUST gain over PMCH OMA is 10% to 14% when alpha is 0.1.

Observation 2: The higher power allocation to the enhanced layer leads to lower gain of PMCH MUST.
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     (a) Rate region of PMCH MUST and PMCH OMA                      (b) PMCH MUST gain 

Figure 4. Rate region and performance gain of PMCH MUST
Note that in this contribution enhanced layer and base layer throughput can be overestimated to a certain degree since no interference from outside of MBSFN area is assumed. For better comparison among companies’ evaluation results, common assumption of the interference from outside of MBSFN area is needed.

3. Conclusion
In this contribution, we provided some simulation results about PMCH MUST shceme, and our observations are as follows;
Observation 1: PMCH MUST gain over PMCH OMA is 10% to 14% when alpha is 0.1.

Observation 2: The higher power allocation to the enhanced layer leads to lower gain of PMCH MUST.
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Appendix Ⅰ: Detailed evaluation assumptions

System-level simulation parameters are listed as below.
	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Distance-dependent path loss
	ITU UMa

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 2 Tx, cross-polarized 0.5-wavelength spacing between antenna
UE: 2 Rx, cross-polarized 0.5-wavelength spacing between antenna

	Traffic model
	Full buffer traffic model (10UE/Cell)

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Number of superposed signals in superposition transmission
	2

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Performance metrics
	UE throughput that only base 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.

	EVM
	Tx EVM: 8%
UE Rx EVM: 4%

	Number of symbols for control region
	2
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