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1 Introduction
In RAN1#80bis, [1] discussed potential PMCH enhancement by superposition transmission. In DVB-T, the superposition transmission has been applied with a technological name as hierarchical modulation [2]
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[3][4]. In this contribution, a superposition transmission scheme for PMCH is described in Section 2. In Section 3, the proposed evaluation methodologies are given. 
2 Superposition transmission scheme for PMCH enhancement
In LTE, MBMS Single-Frequency Network transmission can obtain very high SINR, which results from that the UEs receiving MBSFN transmissions can utilize the signal energy from multiple cells to get increased received signal strength. Furthermore in the center cells of an SFN area consisting of many cells, there is negligible interference from the cells outside of the SFN area. 
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Figure 1 CDF Example for SINR of MBSFN
Figure 1 shows the CDF curves of geometry in an ITU UMa scenario ( simulation assumptions are given in Table 1) MBSFN scenario where 5%-SINR is about 5 dB. According to this 5%-SINR, a MCS with 16 QAM can be applied for the whole MBSFN area. However many UEs experience much higher SINR than this 5%-SINR and can afford higher modulation order, e.g. 64-QAM. So a superposition transmission scheme could be applied for PMCH enhancement, as shown in Figure 2. An additional superposed layer with low transmit power is attached to the original common MBSFN layer. As a result, all MBSFN UEs can decode the common layer, while many MBSFN UEs with high receiving SINR can decode both the common layer and the additional superposed layer.

In addition to ITU UMa scenario, there are multiple scenarios for MBSFN transmissions and we have investigated them in [6]. In those scenarios, very high SINR levels and broad SINR variation are also observed for MBSFN transmissions. Therefore, PMCH can be potentially enhanced by superposition transmission with increased peak data rate and spectral efficiency.
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Figure 2 Illustration of Superposition transmission scheme for PMCH enhancement

Observations:
· Very high SINR levels and broad SINR variation can be expected for MBSFN transmissions.
· Superposition transmission can be utilized for MBSFN transmissions to improve the spectral efficiency in many deployment scenarios.
Proposal 1: Consider studying superposition transmission for PMCH in addition to PDSCH.
3 Evaluation assumptions

Here an MBSFN application scenario is added here, which contains 19x3 macro sectors. The main differences from MUST macro cell scenario 1 [2] are:

a) It is a SIMO system, 1 Tx and 2 Rx are assumed.

b) Full buffer traffic model is assumed, as typically MBSFN services have constant data rate, for example a TV channel.
c) Performance metric are the mean cell average throughput and the cell edge throughput on condition that 95% UEs in MBSFN area can decode at least one MBMS layer.
Table 1 Evaluation Assumptions
	 
	MUST Scenario for PMCH

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

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier 
	10MHz 

	Carrier frequency 
	2.0GHz 

	Total power (Ptotal per carrier) 
	46dBm 

	Distance-dependent path loss 
	ITU UMa 

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

	Shadowing 
	ITU UMa 

	Antenna pattern 
	3D (referring to TR36.819) 

	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 
	Baseline: 1Tx, 
Baseline for UE: 2 Rx, cross-polarized, 0.5 lambda, 

	Number of UEs 
	10 per macro cell 

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

	Minimum distance 
	 Macro – UE : > 35m 

	Traffic model 
	Full buffer 

	UE receiver 
	MMSE-IRC as baseline 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Performance metrics 
	Mean cell average throughput and the cell edge throughput (95% UEs in MBSFN area can decode at least one MBMS layer.) 

	Considered transmission schemes from a single point 
	SIMO 

	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 


Proposal 2: Adopt Table 1 of evaluation assumptions for the evaluation of PMCH enhancement by superposition transmission.
4 Conclusion
In summary, we discussed the possibility to apply superposition transmission technologies for PMCH enhancement, we propose, 
Proposal 1: Consider studying superposition transmission for PMCH in addition to PDSCH.
Proposal 2: Adopt Table 1 of evaluation assumptions for the evaluation of PMCH enhancement by superposition transmission.
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