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1. Introduction

In RAN WG1 #80bis, companies are asked to provide opinion about including MBSFN as one of the additional deployment scenario for downlink multiuser superposition transmission [7], for the study item (SI) titled “Study on Downlink Multiuser Superposition Transmission for LTE” [6]. 
In this contribution, we will provide the evaluation and analysis for the potential gain of deploying superposition coding for MBSFN deployments, both with and without considering Tx and Rx Error Vector Magnitude (EVM) impairments.
2. Superposition Coding in MBSFN
Superposition coding can be applied to typical multimedia multicast/broadcast transmission via MBSFN by:

· Source-encode the multimedia content into a base layer and one or multiple enhancement layers.

· Transmit the multiple streams using multiple transport blocks over the same PMCH transmission, possibly at different modulation and coding scheme (MCS), for the same broadcast/multicast signal, e.g. use lower MCS for the base layer to maximize decoding success, and use higher MCS for enhancement layers.

On the receiver side, a layered decoding strategy is employed such that:
· all users in coverage area can decode the basic lower MCS TB, and hence can decode the base layer, and

· advanced IC receivers in superior channel conditions, can decode both the base layers and other enhancement layers, to receive additional information.
This is similar to a single beam Multi-User Superposition Transmission (MUST), except that the signals are combined from multiple non-collocated sources. Hence, similar gain can be expected over traditional single TB PMCH transmission, if superposition coding and layered decoding are employed. 

The gain from non-orthogonal transmission using superposition coding depends on the SINR spread, i.e. the larger difference in SINR between the paired users, the higher the gain [1], [5].
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Figure 1 Boundary of rate pair of the near- and far-users
Hence, in the following sections, we analyze the SINR spread for MBSFN networks of different sizes. 
3. Geometry for MBSFN

We consider three MBSFN cluster sizes – 1 cell, 7 cells (1-tier) and 19-cells (2-tiers) as illustrated below. (Note: in this T-doc the term “cell” refers to a hexagon area served by a 3-sectored macro base-station site). Cells in the MBSFN area are assisting (A), while others are interfering (I). We do not consider guard cells mentioned in e.g. [2].
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Figure 2 MSBFN cluster sizes
The center region in dark green refers to cells belonging to the same MBSFN area (same MBSFN ID) while the remaining lightly shaded cells refers to different tiers of interference. We assume the extended CP used by the MBSFN is long enough to include any transmitter’s signal observed by the UE, i.e. the furthest sync distances are less than ~5km. Hence synchronization issues are not considered in this contribution.

To reuse the standard 19-cells wraparound model with uniform user dropping for geometry data collection, we define probability of the assist-interfere (A/I) as follows:
	1-cell MBSFN
	
	
	
	

	1st tier
	2nd tier
	Frequency

	Co-channel (A)
	Interference (I)
	Co-channel (A)
	Interference (I)
	

	0
	6
	0
	12
	1

	7-cell MBSFN
	
	
	
	

	1st tier
	2nd tier
	Frequency

	Co-channel (A)
	Interference (I)
	Co-channel (A)
	Interference (I)
	

	6
	0
	0
	12
	1/7

	3
	3
	3
	9
	6/7

	19-cell MBSFN
	
	
	
	

	1st tier
	2nd tier
	Frequency

	Co-channel (A)
	Interference (I)
	Co-channel (A)
	Interference (I)
	

	6
	0
	12
	0
	1/19

	6
	0
	7
	5
	6/19

	4
	2
	5
	7
	6/19

	3
	3
	5
	7
	6/19


Table 1 Assist/Interference probabilities for considered MBSFN cluster sizes
As an illustration, an example of the highlighted row for a 7-cell cluster may correspond to a user associated with the cell marked by the white dot (i.e. the user’s serving cell):
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Figure 3 Illustration of A/I probability example

For this cell, 3 of the first tier (tier-1) are assisting, while 3 are interfering. Also, 3 cells of the 2nd tier (tier-2) are assisting, while 9 are interfering. 6 of the 7 cells in the MBSFN has the same configuration, hence the frequency is 6/7. 
To collect geometry, we drop random users in the standard 19-cells grid and collect large-scale received signal strength from every transmitter (57 with wraparound). Then we randomly classify each link into assisting (A) or interference (I) using the probability table presented above. We assume all UEs only see transmissions from 2 tiers out from its serving cell, no matter what the size of the MBSFN area is.
Finally, the SINR is calculated as
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where A represents the (linear) received signals of assisting transmitters, I represents that of interference and N is the thermal noise. Figure 4 below shows the resulting Geometry CDF for the 3 MBSFN cluster sizes considered.
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Figure 4 Geometry for different MBSFN cluster sizes (without EVM considerations)
For comparison, the standard PDSCH (single serving sector) is plotted with the MBSFN/PMCH geometries. As shown, the typical MBSFN/PMCH geometry has a wider variance than the standard PDSCH geometry. As observed, SINR difference can be as large as 65dB for MBSFN/PMCH, as opposed to 25dB for single-sector PDSCH.
4. EVM

When EVM is considered, the SINR is limited by error in both transmit and receive vectors. We consider the worst case scenario with max 8% Tx EVM [3] and 4% Rx EVM [4]. As a result, the SINR equation is modified as,
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The maximum value occurs when 
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The resulting geometries, considering EVM, is shown in Figure 5 below.
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Figure 5 Geometry for different MBSFN cluster sizes (with EVM considerations)
As observed, with EVM, the SINR spread is smaller. However, there is still a 20-25dB spread in SINR, which makes superposition coding a suitable candidate to improve overall system spectral efficiency.
5. Conclusion

In conclusion, MBSFN is a deployment scenario that superposition coding may provide gain due to large SINR spread, and could be included in the scope of the study item.
Observation:  A 20-25dB SINR spread is observed in MBSFN, and MBSFN is a deployment scenario that superposition coding may provide gain due to large SINR spread.
In addition, since a larger SINR spread can be achieved if EVM is not present, higher gain from superposition coding can be achieved by having stricter EVM requirement.
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