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1. Introduction

In email discussion following RAN WG1 #81, companies agreed on the final version of “Way forward on PMCH enhancement by superposition transmission” [1], and that:

· For MUST, PMCH-PMCH should be studied if time permits in R13.
· A MUST scenario is added for the evaluation of PMCH enhancement by superposition transmission, whose concrete evaluation assumptions are given in Table 1 in [1].

In this contribution, we provide initial system level simulation results for the agreed simulation assumptions outlined in [1].
2. Simulation Assumptions and Performance Metrics
The agreed performance metrics in [1] is reproduced here.
	Performance metrics 
	· 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 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. 



Also, EVM assumptions from [1] is as below:
	EVM 
	Tx EVM: 8%, FFS smaller values
UE Rx EVM: 4% 


3. MBSFN Interference Modeling

For purpose of modeling interference, we use the configuration described in [2], where we assume a hypothetical MBSFN consists of 19-sites (2-tiers) as illustrated below.
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Figure 1 MBSFN with 19-sites

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 following:
· Interference from more than 2 tiers out are not significant at the UE.
· 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.
· No guard cells are assumed between the target MBSFN and the interfering one.

In our simulation evaluation, we re-use the standard 19-site wraparound simulation setup, by using the interference method described in [3].
4. SINR calculations

The SINR of the base and enhancement layers are adopted from [4] and summarized as follows. 
Assume the eNB is equipped with two transmit antennas, and each UE has two receive antennas. Consider the received signal model after the whitening of the noise-plus-inter MBSFN cluster interference

		(1)

where H and G are 2-by-2 complex effective channel matrices for target and interfering MBSFN,  is the precoding matrix, b and e are the power splitting factors among base and enhancement layers, xb, xe, and sother are the unit average power modulated symbols intended for the base layer, enhancement layer, and the user on the other MBSFN cluster, respectively, w is the white Gaussian vector with the identity covariance matrix 2I due to the contribution of the thermal noise, and finally h1 and h2 are the effective accumulated channels corresponding to the  target and interference MBSFN respectively. 

For single layer transmission without superposition coding, the signal model in (1) is reduced to
		(2)

To suppress the inter-beam interference, the near-user applies the MMSE receiver fMMSE 



to the received signal r, where R is the covariance matrix of the noise-plus-interference vector  . After manipulations, the base-layer output SINR of the MMSE receiver fMMSE can be expressed as



Assume the contribution of xe is perfectly cancelled from , the enhancement-layer output SINR is



5. Systems Level Simulation Results

In the following results, two outage definitions are employed:

· User outage refers to the proportion of UEs whose BLER for the data layer is higher than 1%.
· Packet outage () refers to the expected percentage of packets that are dropped or undecodable by the receiver.

In the following, the total weighted spectral efficiency is defined as follows:



where  base and  enhance are the packet outage; Cbase and Cenhance are the spectral efficiency (total bits decoded per second per UE per Hz), of the base and enhancement layers respectively. 

Baseline Rel-12 MBMS UE throughput (single layer transmission)

Table below shows the user outage, packet outage, 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, see equation (2).

	MCS
	user outage
	packet outage
	SE
	Weighted SE

	1
	0.031579
	0.012864
	0.156799
	0.154782

	2
	0.008772
	0.002144
	0.180956
	0.180568

	3
	0.022807
	0.010671
	0.242223
	0.239638

	4
	0.031579
	0.016327
	0.308994
	0.303949

	5
	0.029825
	0.014208
	0.360863
	0.355736

	6
	0.029825
	0.009772
	0.397511
	0.393627

	7
	0.050877
	0.024557
	0.494912
	0.482759

	8
	0.054386
	0.022963
	0.576153
	0.562923

	9
	0.024561
	0.015082
	0.562445
	0.553961

	10
	0.014035
	0.006723
	0.595544
	0.59154

	11
	0.021053
	0.006431
	0.652966
	0.648767

	12
	0.017544
	0.006431
	0.738835
	0.734084

	13
	0.035088
	0.011985
	0.848558
	0.838388

	14
	0.184211
	0.106287
	1.158253
	1.035146

	15
	0.229825
	0.133713
	1.222504
	1.059038

	16
	0.214035
	0.124971
	1.335645
	1.168728

	17
	0.2
	0.112895
	1.354077
	1.201209

	18
	0.198246
	0.115936
	1.45128
	1.283025

	19
	0.198246
	0.103829
	1.606325
	1.439541

	20
	0.254386
	0.11962
	1.747378
	1.538357

	21
	0.277193
	0.130775
	1.858751
	1.615673

	22
	0.270175
	0.117792
	1.978574
	1.745513

	23
	0.326316
	0.160044
	2.138192
	1.795988

	24
	0.357895
	0.148246
	2.331763
	1.986089

	25
	0.370175
	0.138939
	2.397135
	2.06408

	26
	0.422807
	0.167266
	2.546167
	2.12028

	27
	0.435088
	0.143583
	2.668812
	2.285617

	28
	0.614035
	0.173991
	3.031122
	2.503733


Table 1 Simulation results for single layer MBMS transmission using MMSE receiver

In the above table, the orange value refers to the highest achievable weighted spectral efficiency without constraint. However, the grey values are those for which the user outage which does not satisfy the 95% coverage level for the base layer. Finally the yellow highlighted value is the best performance that satisfies the 5% base layer outage requirement. 
As observed, the best weighted spectral efficiency for traditional single layer MBSFN transmission is 
· 0.838 bps/Hz, if the 5% user outage requirement is satisfied, and 
· 2.504 bps/Hz, if there is no outage restrictions.

MBMS UE Throughput with PMCH+PMCH superposition coding

Table 2 and Figure 2 both show the total weighted spectral efficiency for some sampled MCS combination (base,enhancement) and power distribution factor ,


Table 2 Total Weighted Throughput with superposition coding

[image: ]
[bookmark: _Ref427245783]Figure 2 Total Weighted Throughput

As observed, the best weighted spectral efficiency for traditional single layer MBSFN transmission is 
· 4.203 bps/Hz, if the 5% user outage requirement is satisfied, and 
· 4.871 bps/Hz, if there is no outage restrictions.

The weighted spectral efficiency for the enhancement layers is shown in the table below, where the three increasing levels of shading represents outages at 30%, 50% and 70%. 


Table 3 Weighted spectral efficiency for enhancement layer

For the limited set of sampled configuration, the best performance of the enhancement layer (with base layer at 5% outage) at 30%, 50% and 70% outages are:

· 30% outage: 1.525 bps/Hz
· 50% outage: 3.593 bps/Hz
· 70% outage: 3.520 bps/Hz

PMCH+PMCH superposition coding with EVM considerations

As explained in [2], the effect of EVM reduces the SINR spread, hence throughput is slightly reduced. The final weighted spectral efficiency with the same set of parameters used in Table 2 Total Weighted Throughput is listed below for the case with EVM.


Table 4 Weighted Spectral efficiency with superposition coding, with EVM considerations


As observed, the best weighted spectral efficiency for traditional single layer MBSFN transmission is 
· 3.950 bps/Hz, if the 5% user outage requirement is satisfied, and 
· 4.149 bps/Hz, if there is no outage restrictions.


6. Conclusion

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

Observation:  Initial system level simulations show that superposition coding can provide significant spectral efficiency gain in MBSFN deployment
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