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1. Introduction

In RAN WG1 #81 (agenda item 6.2.7.1), with reference to the study item (SI) titled “Study on Downlink Multiuser Superposition Transmission for LTE” [6], companies conclude that 

· there are different understandings regarding whether or not MUST for PMCH is part of the SID, and

· subject to future RAN plenary approval of change to “MUST SID scope” to include superposition of PMCH and PMCH, RAN1 can start an future email discussion on evaluation assumptions of superposition of PMCH and PMCH
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. We also present an example of how transmission rates for base and enhancement layers can be optimized for MBSFN delivery and the potential gain over a baseline FDM scheme.
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.

A method to reuse the standard 19-cells wraparound model with uniform user dropping for geometry data collection is described in [8]. 

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 3 below shows the resulting Geometry CDF for the 3 MBSFN cluster sizes considered.
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Figure 3 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 4 below.
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Figure 4 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. Transmission rates for base and enhancement layers

(Note: In the sequel we discuss “rates” in terms of the classic channel capacity relationship, and use “rate” and “capacity” interchangeably. It is understood that the same conclusions can be drawn if we deal with related quantities, e.g. Modulation and Coding Scheme (MCS), Transport Block (TB) size or general transmission rates).

A. Opportunistic Multicast Scheduling (OMS)
We define users who can decode a particular transmission as those with channel capacity above the transmission rate. Those who can’t decode are known as users in outage. With a single layer transmission (1 transport block), if there is no outage restriction, the optimum transmission rate that maximizes the system throughput can be determined through the Opportunistic Multicast Scheduling scheme [7]. In particular, the number of users who can decode decrease as the transmission rate increase. The resulting system throughput is 
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where Nm is the number of users who can decode and Rm is the transmission rate.
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Figure 5 OMS capacity vs cut-off SINR

For simplicity we define the transmission rate as the maximum channel capacity supported by the SINR (.
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Figure 5 shows the system throughput for each of the MBSFN size versus the cutoff SINR (.
The resultant (per Hertz) system throughput and outage level are tabulated in Table 1
	MBSFN size
	Transmission rate (R1) [bps/Hz]
	Groupsize (N1)
	System Throughput (N1R1) [bps/Hz]
	Outage

	1-cell
	4.5947
	645
	2963.605
	62.2807 %

	7-cells
	4.9658
	857
	4255.6877
	49.883 %

	19-cells
	5.5002
	936
	5148.1433
	45.2632 %


Table 1 Single TB OMS performance for MBSFN (1710 simulated users)

B. Single TB MBSFN

Consider MBSFN transmission with design threshold set as max 5% outage, i.e. maximum 5% users have channel capacity lower than the chosen transmission rate. Hence if only one transport block (TB) is used (single layer transmission), we need to set the transmission rate (or MCS, TB size etc) such that at least 95% users can decode.

The resultant (per Hertz) system throughput and outage level for conventional single TB MBSFN with 5% outage are tabulated in Table 2.

	MBSFN size
	Transmission rate (R1) [bps/Hz]
	Groupsize (N1)
	System Throughput (N1R1) [bps/Hz]
	Outage

	1-cell
	0.57906
	1625
	940.9804
	4.9708 %

	7-cells
	1.2143
	1625
	1973.2304
	4.9708 %

	19-cells
	1.621
	1625
	2634.1717
	4.9708 %


Table 2 Conventional Single TB Multicast for 5% outage (1710 simulated users)

C. Two TB MBSFN with FDM

Assume the transmitted signal is composed of two transport blocks; one for the base layer, and the other for the enhancement layer. The base layer has a lower rate Rf so that the outage is 5%, and the enhancement layer has a higher rate Rn which is only decodable by users with good channel quality. The two transport blocks are multiplexed using frequency division multiplexing (FDM).

Let Ai and Ii be total signal received strength from assisting and interfering sources, respectively and N0 be the thermal noise. Assume bandwidth split factors (F: (N between the base and enhancement layers, if we pick user i* to set the enhancement layer rate, 
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Similarly, the base layer rate can be set for 5-percentile edge user k5 as,
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And we should choose the k, i.e. k5, such that only 5% of users have rates lower than the chosen one, i.e. max 5% users have 
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D. Two TB MBSFN with Superposition Coding

Assume power split factors (F:(N between the base and enhancement layers, if we pick user i* to set the enhancement layer (near user) rate, 
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the base layer (far user) rate can be set for edge user k (and those better than him/her) as 
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Similarly, we should choose the k5 such that max 5% users have 
[image: image19.wmf]5

,

,

k

f

k

f

R

R

<

.

E. Rate Selection for 2-layer MBSFN 

Here we describe the method of selecting the base and enhancement layer rates for a given power/bandwidth split factor. The base layer rate Rf can be chosen so that 95% users can decode it. The determination of the enhancement layer rate Rn is based on the OMS scheme in Section 5.A. That is, among all candidate enhancement later rates R’s, choose the one that yields the largest total enhancement layer rates N*R, where N is the number of users that are able to decode the rate R. When the FDM and superposition coding schemes are used, the expressions for the base/enhancement layer rates that a user is able to decode are given in Sections 5.C and 5.D, respectively. 
6. MUST for PMCH

In this section, we consider the 19-cell MBSFN scenario and show the simulation results. 
MUST with power split factor

Consider power split factors 0.5 ( (F ( 0.99. Figure 6 shows the optimized base, enhancement and total throughput for the considered range of power split factor without EVM. For each power split factor, the optimal multicast size and transmission rates are determined by the methods described in previous sections. In practice, the base layer rate is constrained by the multimedia encoding used. E.g. if 1000bps/Hz is required for 95% of the base layer users, power split factor (F~0.5 is optimal.
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Figure 6 Base, enhancement and total throughput without EVM

In contrast, Figure 7 shows the same performance when EVM is added. As observed, the SINR is more limited and total throughput is reduced, especially in the enhancement layer. The 5% outage base layer throughput is relatively unaffected by EVM because the base layer SINR is relatively stable due to the additional interference term in the denominator. 
[image: image21.png]throughput fopsiHz]

s000

with EvM

4500

4000

3500

3000

2500

2000

1500

1000

00

ase hyer ol throughput
enhancement lyer total throughput
sum total throughput (baseeriance)

05

0ss 05 085 07 075 08
loase layer power factor

085

08

085





Figure 7 Base, enhancement and total throughput with EVM

Baseline FDM Solution
Consider bandwidth split factors 0.5 ( (F ( 0.99. The throughput performances without and with EVM are given below.
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Figure 8 Throughput performance for Baseline FDM, without and with EVM
Figure 9 and Figure 10 shows the throughput comparisons for base and enhancement layers without and with EVM considerations.
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Figure 9 Comparison of Superposed versus Baseline FDM schemes without EVM
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Figure 10 Comparison of Superposed versus Baseline FDM schemes with EVM
7. 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.
Also, 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.

In addition, we showed an example scheme that can be used to achieve overall system throughput gain when MUST is applied to PMCH transmission.
Proposal:  Change “MUST SID scope” to include superposition of PMCH and PMCH.
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