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1. Introduction

Understanding BLER performance of LTE channel is important in evaluating solutions proposed for TR 26.903 IVS [1]. However, only a little is known about the channel characteristics of MBSFN, therefore, comprehensive simulation study was carried out to collect BLER trace in various MCS settings and channel fading condition. This document presents the simulation result.
The primary purpose of this document is to provide background knowledge on the application level simulation study that has been carried out for TR 26.903 IVS [1]. Evaluation results of solutions proposed for TR 26.903 based on this channel data are presented in separate documents [11][12].

The assumptions and simulation models of this study are based on broad range of investigation of similar experiments described in RAN WG1 documents [3] ~ [10]. It is proposed to use the same assumptions and guidelines offered in this document for any future simulation study for TR 26.903 in order to produce consistent evaluation result.
2. Simulation Model
The cell layout considered in this simulation is composed of 19 cells of which each cell consists of 3 sectors. Therefore, total number of sectors is 57. Figure 1 show 4 cases MBSFN sector deployments over 57 sectors, where a MBSFN sector is surrounded by all interference sectors (single sector deployment), one sector and single ring of MBSFN cooperating sectors  (7 sectors deployment), two rings of MBSFN sectors (19 sectors deployment), and three rings of MBSFN sectors (37 sectors deployment).

The sectors of MBSFN transmission mode are synchronized in same frequency band, modulation and channel coding rate. The effect of synchronized MBSFN transmission is increased spectral efficiency. Therefore UEs surrounded by MBSFN cells achieve good signal quality. However, interference from surrounding cells degrades the signal, thus BLER (Block Error Rate) is increased as UEs approach to interference cells. 
The performance metric measured in this simulation is coverage versus BLER. The “coverage” denotes normalized ratio of measured area to the size of MBSFN area. Therefore, 50% coverage in an area consists of 37 MBSFN sectors is usually 37 times larger than 50% coverage in single sector MBSFN.
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Figure 1  MBSFN layouts composed of 1, 7, 19, 37 sectors in 57 sector area
Table 1 shows 4 levels of MCS modes used in this simulation. Assuming 5MHz bandwidth allocation for downlink only MBSFN transmission, the combinations of modulation and coding rate achieves transmission rates of 1 Mbps ~ 9 Mbps.

Since a physical block in LTE channel corresponds to subframe of 1 msec. length, the actual size of block may range from 125 bytes/block to 1125 bytes/block respectively to each MCS settings.
	MCS
	Modulation
	Code Rate
	Data rate
(Mbps in 5 MHz)
	Block Size

(Bytes/BLK)

	1
	QPSK
	1/6
	1.0
	125

	2
	QPSK
	1/2
	3.0
	375

	3
	16QAM
	1/2
	6.0
	750

	4
	64QAM
	1/2
	9.0
	1125


Table 1  MCS levels, data rates and physical block size

Table 2 summarizes parameter settings used in this simulation, which also conforms with generally accepted assumptions in RAN WG1 documents [3] ~ [10]. 
Two types of mobility scenarios are considered. The urban model uses inter-site distance (ISD) between eNodeBs as 500m, and UE speed is limited to 3km/hr. The other sparsely deployed model uses ISD = 1732m.
Table 2. Simulation Parameters
	Parameter
	Value

	Number of Cells
	19 cell wraparound layout (3 sectors each)   

	The number of MBSFN cooperation cells
	1, 7 19, 37

	Interference 
	2 tier interfering cells except MBSFN cells

	Number of users per cell
	10

	Bandwidth
	5 MHz

	Number of Rx Antennas
	2

	Number of Tx Antennas
	1

	TTI
	1 ms

	FFT Size
	512

	Number of guard carriers
	212

	Number of pilot sub-carriers per symbol
	50

	Number of data sub-carriers per symbol
	250

	Number of OFDM symbols per TTI
	12

	Cyclic prefix
	128 (16.6 us)

	BS power
	43 dBm

	MCS
	QPSK 1/6, 1/2 
16QAM 1/2
64QAM 1/2, 4/5

	Channel estimation loss
	1 dB

	Channel Model
	SCM – urban macro 8 degree

	ISD
	500m, 1732m

	Link-to-System Mapping
	Constrained Capacity Effective SNR


3. Simulation Results
Figure 2 ~ 5 shows the BLER curves in various MCS settings. For instance, Figure 2 shows 4 BLER curves of MCS level 1 ~ 4 as listed in Table 1. It is measured in single sector layout of ISD=500m. The graph shows that almost 90% of single sector area can be reached with channel throughput of 1Mbps (QPSK and 1/6 coding) in 5MHz bandwidth allocation. However if the channel throughput is increased to 3Mbps using QPSK and 1/2 rate coding, the coverage drops below 60%. The highest throughput of 9Mbps using 64QAM and 1/2 rate coding may only cover 10% of sector area.  
Figure 3~5 shows BLER performance curves in different layouts and MCS settings.
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Figure 2. BLER in Single Sector (ISD=500m)
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Figure 3. BLER in 7 Sector (ISD=500m)
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Figure 4. BLER in 19 Sector (ISD=500m)
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Figure 5. BLER in 37 Sector (ISD=500m)
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Figure 6  Signal Combining Effect by the Number of MBSFN Sectors (9Mbps only)
Figure 6 shows the effect of signal combining of MBSFN transmission. As the number of participating sectors of synchronized transmission increases, the spectral efficiency is improved, hence the BLER curves in 37 sectors shows better coverage than the curves of single sector. 
The simulation results in ISD=1732m showed similar patterns as ISD=500m, except that the coverage performance is slightly reduced. Detail of the numerical results is included in Annex A of this document
4. Conclusion
Simulation results showing characteristics of MBSFN channel are presented in this document. The outcome of this simulation has been used in application level evaluations of solutions for TR 26.903. 

We propose to include the assumptions for simulation presented in this document in TR 26.903, and use the guideline for consistent simulation study in future. 
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Annex A – BLER Table in Coverage v.s. Modulation Level
ISD: 500m, 1cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0.004650000

	MCS-1
	0
	0
	0
	0.01015000
	0.2416500
	0.4936500

	MCS-2
	0
	0
	0.04950000
	0.5210000
	0.9745000
	0.9990429

	MCS-3
	0
	0.1019000
	0.7705000
	0.9975000
	0.9995340
	0.9996170


ISD: 500m, 7cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0

	MCS-1
	0
	0
	0
	0
	0.01623333
	0.05620000

	MCS-2
	0
	0
	0
	0.02340000
	0.5874000
	0.8017000

	MCS-3
	0
	0
	0.1082500
	0.7276500
	0.9989000
	0.9994627


ISD: 500m, 19cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0.0003500000

	MCS-1
	0
	0
	0
	0
	0.009100000
	0.2355000

	MCS-2
	0
	0
	0
	0
	0.4535000
	0.9506000

	MCS-3
	0
	0
	0.001976923
	0.1961500
	0.9930000
	0.9994497


ISD: 500m, 37cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0.09190000
	0.6341000

	MCS-1
	0
	0
	0
	0
	0.8733667
	0.9985000

	MCS-2
	0
	0
	0
	0
	0.9991676
	0.9994916

	MCS-3
	0
	0
	0
	0.1364000
	0.9994016
	0.9995508


ISD: 1732m, 1cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0.006500000

	MCS-1
	0
	0
	0
	0.01010000
	0.2859000
	0.5507000

	MCS-2
	0
	0
	0.04990000
	0.5248000
	0.9828666
	0.9993154

	MCS-3
	0
	0.09440000
	0.7733500
	0.9977750
	0.9995354
	0.9996177


ISD: 1732m, 7cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0

	MCS-1
	0
	0
	0
	0
	0.02320000
	0.08005000

	MCS-2
	0
	0
	0
	0.02110000
	0.6607667
	0.9001000

	MCS-3
	0
	0
	0.1115500
	0.7173000
	0.9993364
	0.9995182


ISD: 1732m, 19cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0
	0.003800000

	MCS-1
	0
	0
	0
	0
	0.01035000
	0.3634000

	MCS-2
	0
	0
	0
	0
	0.5095667
	0.9788500

	MCS-3
	0
	0
	0.005075000
	0.2707000
	0.9974250
	0.9994778


ISD: 1732m, 37cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-0
	0
	0
	0
	0
	0.09140000
	0.5605500

	MCS-1
	0
	0
	0
	0
	0.8182000
	0.9982143

	MCS-2
	0
	0
	0
	0
	0.9987857
	0.9994785

	MCS-3
	0
	0
	0
	0.2500000
	0.9994052
	0.9995526





1sector   7sectors   9sectors  37sectors
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