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1. Introduction
In the agreed SID for Multi-user superposition transmission (MUST) [1], the objectives of the study item include: “identify and study possible enhancements of downlink multiuser transmission schemes within one cell”.  While the original target downlink physical channel was PDSCH, there has been request from operators to study the superposition transmission for PMCH. During RAN1#81, MUST for PMCH was briefly treated [2].
In this contribution, we provide initial simulation results for PMCH. The comparison is made between using MUST (more specifically, multi-rate) and without MUST (i.e., single layer/single rate).  The purpose is to show the potential performance benefit of superposition transmission for PMCH and deployment choices for operators. 
2. Superposition transmission for PMCH  
Superposition transmission for broadcast/multicast services is not new. Numerous publications can be found in academic journals and conference papers. Such feature is already specified in DVB-T [3] where a physical channel can support multi-rate services simultaneously. In 3GPP, similar idea was proposed in [4] as an enhancement of MBMS services. However, due to the limited time for finishing Rel-8 LTE which includes basic MBMS feature, as well as the concern of receiver complexity at that time, there has been no discussion on superposition transmission for PMCH since Rel-8. 
The study on MUST for PDSCH re-ignites the interest in PMCH. Technically, this is mainly driven by the similarity between PDSCH+PDSCH, and PMCH+PMCH, which will be further elaborated in the following. On the other hand, there are some differences between them in the context of MUST, which is also to be addressed.
2.1 Similarities between (PDSCH + PDSCH) and (PMCH + PMCH)
The fundamental concept is common between PDSCH superposition and PMCH superposition, as Fig. 1 illustrates. 
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Figure 1 Superposition transmission for PDSCH or PMCH
For both physical channels, signals corresponding to different rates are transmitted in the same time, frequency and spatial resources/domain. Each rate targets to users whose geometries fall into certain range, for example, basic (low) rate is intended to majority of users, in particular for cell edge users, while enhanced (higher) rate is for users close to the serving eNBs. In the case of PDSCH, the rate partition is user-pair specific where “near” or “far” is only of relative sense within each pair. 
Similar to the case of PDSCH, the PMCH receiver also needs to perform interference cancellation, especially for near UEs who would decode the enhanced layer transmission. This is facilitated by the strong channel coding protection for basic layer transmission so that near UEs are likely to first decode the basic layer and then subtract it from the interference corrupted signal. 
The transmitter should allocate appropriate powers for the enhanced layer and the basic layer. Such transmit power partition may be done more dynamically for PDSCH than for PMCH. But a thorough study on various power partitions is needed so that the systems can operate efficiently. And there is no doubt that channel estimation imperfection, signalling constraint/overhead, etc. should be considered.
The transmission schemes identified for (PDSCH + PDSCH) [5-11] seem to be applicable to (PMCH + PMCH). 
2.2 Differences between (PDSCH + PDSCH) and (PMCH + PMCH)
PMCH is for broadcast and multicast services. As there is no link adaptation or HARQ, the performance metric of PMCH at system level is the coverage percentage for a certain data rate. At the link level, long term performance, i.e., block error rate vs. the average SNR, is often used, due to the same reason. Understandably, the long-term link level performance for fading channels would be much worse than for AWGN channels. 
This is in contrast to PDSCH where elaborate link adaptation and HARQ allow the channel to operate close to AWGN, even in fast fading. Because of this, it is meaningful to use “channel or system capacity” to represent the performance of PDSCH both at the link and at the system level. Consequently, the rate region plot, which is essentially the sum-rate curves as shown in Fig. 2, would be very useful to capture the performance benefit of MUST. 
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Figure 2 Rate region of (PDSCH + PDSCH) [5]
It seems difficult to use the rate region in Fig. 2 for (PMCH + PMCH), since the performance of each layer (enhanced or basic) is measured in coverage percentage which in general are different between enhanced and the basic layers. There is no definite meaning of “sum-rate” for (PMCH + PMCH), unless their coverage is the same. In the subsequent section, we revise the metric used in [12] so that the performance gain of MUST for PMCH can be more accurately represented.
To support high data rate with good coverage, single frequency network (SFN) type of operation is commonly used to ensure good coverage. SFN is performed across multiple eNBs/cells which form an SFN cluster. Within this cluster, eNBs transmit the same signal in the same layer (basic or enhanced). At the UE receiver, combined signals from multiple cells are not distinguishable, i.e., a UE would only see the coherently combined channel. In this sense, the receiver processing of PMCH is much simpler than in PDSCH case. 

Antenna technology is very simple in PMCH, compared to PDSCH. The absence of physical layer feedback eliminates the possibility of any closed-loop MIMO, or even open-loop MIMO that requires rank indication/CQI. All issues around the spatial MU-MIMO no longer exist, i.e., we only need to study (PMCH + PMCH) in a single spatial layer.
3. Initial performance study
Preliminary simulation is carried out to study the performance potential of MUST for PMCH. Key parameters for system simulations are as follows. The SFN cluster contains 19 macro sites of 57 sectors, with wrap-around. 10 UEs are randomly dropped per sector, and there are total 570 UEs in the system. The number of transmit antennas at eNB is 2, and the number of receive antennas at UE is 2. Due to the SFN operation, the only interference seen as the UEs is the thermal noise. Two scenarios are simulated: single PMCH vs. (PMCH + PMCH). In (PMCH + PMCH) scenario, the transmit power partition between enhanced layer and basic layer can have five choices: [10%: 90%], [20%: 80%], [30%: 70%], [40%: 60%] and [50%: 50%]. No EVM is considered.
Fig. 3 shows the SINR CDF for single layer PMCH. Since the only interference is the thermal noise, most UEs enjoy >15 dB SINR. 
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Figure 3 DL SINR CDF of single layer PMCH
In Fig. 4, SINR CDFs of enhanced layer of PMCH are compared, under different power ratios. As expected, when less power is allocated to the enhanced layer, its SINR becomes worse, i.e., shifted to the left.
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Figure 4 DL SINR CDF of the enhanced layer of PMCH
SINR CDFs of basic layer of PMCH are plotted in Fig. 5. It is observed that as the power ratio of basic layer goes down from 90% to 50%, its SINR quickly deteriorates. 
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Figure 5 DL SINR CDF of the basic layer of PMCH
Fig. 6 shows the spectral efficiency vs. coverage performance of basic layer and enhanced layer of PMCH, under different power partitions. Here we use spectral efficiency, considering that it is more appropriate and universal for broadcast/multicast services. There are three sets of curves: single layer PMCH (in black), basic layer PMCH (in blue), and enhanced layer PMCH (in red).

The black curve is the supported spectral efficiency with 95% coverage. It is seen that with single layer PMCH (or the traditional PMCH), 4 bps/Hz can be supported.

The blue curve is the supported spectral efficiency when 95% coverage is guaranteed. When half of power is allocated to basic layer, the spectral efficiency is about 0.8 bps/Hz. It increases to around 2.8 bps/Hz when 90% of power is allocated. 
The red curves are the supported spectral efficiencies under different coverage. For example, with 35% coverage, enhanced layer can support nearly 8 bps/Hz when it uses only10% of total power. 
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Figure 6 Coverage of supported spectral efficiencies under different power partitions.
Fig. 6 provides operators various choices to balance the coverage and the services, which can be either tuned towards basic service or to the enhanced service.
It should be noted that the simulation here is rather preliminary where the link to system mapping uses ideal Shannon formula, without the modeling of fast fading channels. The cancellation at enhanced layer is also assumed ideal, i.e., interference coming from the basic layer transmission is completely eliminated. Nevertheless, we believe that the results would reflect the basic trend of PMCH performance when MUST is used.
4. Conclusion

Superposition transmission for PMCH was discussed, with the elaboration of similarity and difference between PDSCH superposition. Preliminary simulation results were presented which showed performance benefit of MUST for PMCH, according to the metric being proposed.
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Annex
Table A1 System simulation parameters 
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	ISD
	500 m 

	Pathloss model
	ITU UMa

	Indoor UE percentage
	80%

	eNB Tx power (Ptotal)
	46 dBm

	Antenna configuration
	2 (Tx), 2 (Rx)

	UE power class
	24 dBm 

	eNB antenna height
	25 m

	UE antenna height
	1.5 m

	Number of UEs per sector
	10

	eNB antenna gain plus cable loss
	14 dBi, directional

	UE antenna gain
	0 dBi

	Noise figure at UE
	9 dB

	Shadowing correlation
	Between cells
	0.5 

	
	Between sectors
	1.0

	Shadowing   correlation 
distance
	50 m

	Minimum distance between UE and cell
	>= 25 m
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