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1
Introduction
In this document, we present system performance for E-UTRA MBMS. We use the channel structure described in [1, 2]
2
Discussion
2.1
Pilot Structure
In [2], we proposed to multiplex unicast and multicast transmissions in a TDM manner. Given that the SFN channel profile is different from the unicast channel profile, the pilot structure for E-MBMS needs to be designed independently of the unicast pilot structure.
2.1.1
TDM Pilot
In this case, an entire OFDM symbol is used for pilot transmission. In the 5 MHz numerology outlined in [3], the TDM pilot overhead translates to 16.67% if a single OFDM symbol is reserved for channel estimation per 0.5ms slot. However, the channel estimation performance can degrade in high doppler scenarios with a TDM pilot, unless the duty cycle is higher.
2.1.2
FDM Pilot

In this case, certain tones are reserved for pilots in every OFDM symbol. In the 5 MHz numerology outlined in [3], the cyclic prefix duration is 128 chips – assuming that this is the effective channel delay spread, one must have at least 128 channel observations.

In this document, 75 pilot sub-carriers are reserved per OFDM symbol and a 2x time/frequency staggered structure is used. This allows the receiver to estimate 150 channel taps or an effective delay spread of 19.95 µs. The channel estimate is updated every symbol.
2.2
MCS Table

The MCS entries used for evaluation are outlined in Table 1. The TTI is set to 1-slot, allowing for a total of 1350 modulation symbols per TTI.

The performance of OFDM degrades as the code rate increases, as shown in [4]. Therefore, for a given source data rate, as the code rate increases beyond rate 1/2, we switch to a higher order modulation in Table 1.

The minimum data rate is set to 2457.6 kbps, assuming that SFN operation will allow us to support it across all deployment scenarios.
	Source Rate (kbps)
	Allocated Rate (kbps)
	Block Size
	Code Block Size (w/ CRC)
	Parameters

	
	
	
	
	Modulation
	Code Rate

	2457.6
	5.12
	1280
	1304
	QPSK
	0.483

	3686.4
	7.68
	1920
	1944
	16-QAM
	0.360

	4915.2
	10.24
	2560
	2584
	16-QAM
	0.425

	5529.6
	11.52
	2880
	2904
	64-QAM
	0.359


Table 1

MCS Table for Evaluation
2.3
Coding Chain

Figure 1 illustrates the coding chain used in these simulations.
2.3.1
RS Encoding

RS encoding is disabled in these simulations.
2.3.2
Channel Coding

Release 6 native 1/3 turbo encoder is used.
2.3.3
Rate Matching

The rate matching algorithm is almost identical to the 2nd rate matching procedure used in Release 5 HSDPA, with necessary changes made to support 64-QAM.

2.3.4
Interleaving

A modified version of the Release 99 row-column interleaver is used.
2.4
Simulation Setup

Table 2 outlines the four types of cell layouts in these simulations. 
	Case
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	2
	2 GHz
	500
	10
	30
	L = 128.1 + 37.6 Log10(R)

	3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)

	4
	900 MHz
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R)


Table 2
Cell Layouts
The rest of the simulation assumptions are shown in the Appendix and are consistent with those outlined in [3].
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Figure 1

Coding Chain for E-MBMS
2.5
Simulation Results

Figures 2 and 3 illustrate the SFN capacity of E-MBMS for cell layouts 1 and 3. 

For cell layout 1, it is seen that 95% coverage is always achieved at 1% BLER, even for the considered peak data rate of 5529 kbps.

For cell layout 3, it is seen that 95% coverage is never achieved at 1% BLER, even for the considered lowest data rate of 2457 kbps.

While not shown here, it was seen that for cell layouts 2 and 4, 99% coverage is always achieved at 1% BLER for the peak rate of 5529 kbps.
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Figure 2

SFN Coverage – Case 1
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Figure 3

SFN Coverage – Case 3
3
Conclusions
We showed the SFN capacity of E-MBMS using a specific set of MCS entries. We note that the SFN capacity ranges from 2 Mbps to 5.5 Mbps at 95% coverage for 1% BLER. Further investigations are necessary with higher data rates for Cases 1, 2 and 4.
4
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5
Appendix

The rest of the simulation assumptions are shown below.
	Parameter
	Value

	Number of Rx Antennas
	2

	TTI
	1-slot = 0.5 ms

	TB size
	Varied

	FFT Size
	512

	Number of pilot sub-carriers per symbol
	75

	Pilot Structure
	2x time/freq staggered

	Number of data sub-carriers per symbol
	225

	Number of symbols per TTI
	6

	Channel estimation
	Enabled

	Channel Model
	GSM Typical Urban

	Link-to-System Mapping
	Effective SNR


Table 3

System Simulation Assumptions
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