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**************** Start of 2nd Change *****************
Appendix A – Assumptions for Simulation Study on MBMS Solutions
This Appendix presents guidelines for simulation study on solutions proposed for MBMS (i.e. MBSFN). It is recommended to use the cell layouts, channel models and parameters in any future simulation study in order to produce consistent result and fair comparison between proposed solutions.
The cell layouts frequently found in performance studies in RAN working groups are similar as Figure 2x. These layouts are composed of 19 cells of which each cell consists of 3 sectors. Therefore, total number of sectors is 57. 
Figure 2x shows 4 cases of MBSFN sector deployments over 57 sectors. The sectors of MBSFN transmission mode are synchronized in transmission time, 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 as the size of MBSFN area becomes large. Other surrounding sectors are all interference sectors.

In Figure 2x, MBSFN participating sectors are increased from single sector (1/57 case), 7 sectors which is a formation of a centre sector surrounded by a ring of MBSFN cooperating sectors (7/57 case), 19 sectors (19/57 case) and 37 sectors (37/57 case). 

The performance metric measured in this layout is coverage versus BLER. The “coverage” denotes normalized ratio of measured area to the size of entire MBSFN area (i.e. total size of MBSFN sectors). Therefore, 50% coverage in single sector deployment usually means only half area of a sector size. However, 50% coverage in an area consists of 37 MBSFN sectors may encompass the area of 7 sectors. The signal strength degrades gradually from centre of the MBSFN area to the edge because the interference from surrounding cells is increased. Therefore BLER (Block Error Rate) is generally increased as the coverage is increased.  Figures 3x ~ 6x show BLER characteristics of MBSFN channels. It is recommended to use the BLER trace for application level performance test in this TR. 
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Figure 2x  MBSFN layouts composed of 1, 7, 19, 37 sectors in 57 sector area

Table 1x is the recommended configuration for channel level simulation. These are also generally accepted assumptions in RAN WG1 documents. 
Table 1x. Recommended Simulation Configuration
	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


Two types of cell density models are considered. The urban macro dense deployment model uses inter-site distance (ISD) 500m, and the sparse model uses ISD = 1732m. The pedestrian mobility speed of UE is limited to 3km/hr.
There are 4 combinations of channel modulation and coding schemes (MCS) tested to generate the BLER trace. Table 2x summarizes the MCS settings, information data rates (i.e. channel throughput) available to application layer and physical block size. Note that a physical block in LTE channel corresponds to subframe of 1 msec. Therefore the size of block may range from 125 bytes/block to 1125 bytes/block respectively to each MCS level. If a block contains corrupted bit, the block is counted as error.
Only the downlink performance is measured and uplink feedback channel is not defined in this broadcast channel model.
	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 2x  MCS levels, data rates and physical block size

Figure 3x ~ 6x shows the BLER curves of the 4 MCS channels in various cell layouts. Figure 3x is the BLER curves in single MBSFN sector (ISD=500m). The graph shows that almost 90% of the single sector area can be guaranteed less than 10% of BLER, if MCS-1 channel of 1Mbps throughput (i.e. QPSK and 1/6 rate coding) is used for application. If one wants to increase the channel throughput to 3Mbps (i.e. QPSK and 1/2 rate coding), the coverage drops to 60%. The highest throughput channel of 9Mbps (i.e. 64QAM and 1/2 rate coding) may only cover 10% area if BLER is less than 10%. 

Table 3x ~ 10x  show detail of BLER values in various cell layouts. It is recommended to use the coverage v.s. BLER tables as bases for any application level performance test related to MBMS solutions.
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Figure 3x. BLER in Single Sector (ISD=500m)
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Figure 4x. BLER in 7 Sector (ISD=500m)
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Figure 5x. BLER in 19 Sector (ISD=500m)
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Figure 6x. BLER in 37 Sector (ISD=500m)

Table  3x      BLER in  ISD: 500m, 1cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0.004650000

	MCS-2
	0
	0
	0
	0.01015000
	0.2416500
	0.4936500

	MCS-3
	0
	0
	0.04950000
	0.5210000
	0.9745000
	0.9990429

	MCS-4
	0
	0.1019000
	0.7705000
	0.9975000
	0.9995340
	0.9996170


Table  4x      BLER in  ISD: 500m, 7cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0

	MCS-2
	0
	0
	0
	0
	0.01623333
	0.05620000

	MCS-3
	0
	0
	0
	0.02340000
	0.5874000
	0.8017000

	MCS-4
	0
	0
	0.1082500
	0.7276500
	0.9989000
	0.9994627


Table  5x      BLER in  ISD: 500m, 19cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0.0003500000

	MCS-2
	0
	0
	0
	0
	0.009100000
	0.2355000

	MCS-3
	0
	0
	0
	0
	0.4535000
	0.9506000

	MCS-4
	0
	0
	0.001976923
	0.1961500
	0.9930000
	0.9994497


Table  6x      BLER in  ISD: 500m, 37cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0.09190000
	0.6341000

	MCS-2
	0
	0
	0
	0
	0.8733667
	0.9985000

	MCS-3
	0
	0
	0
	0
	0.9991676
	0.9994916

	MCS-4
	0
	0
	0
	0.1364000
	0.9994016
	0.9995508


Table  7x      BLER in  ISD: 1732m, 1cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0.006500000

	MCS-2
	0
	0
	0
	0.01010000
	0.2859000
	0.5507000

	MCS-3
	0
	0
	0.04990000
	0.5248000
	0.9828666
	0.9993154

	MCS-4
	0
	0.09440000
	0.7733500
	0.9977750
	0.9995354
	0.9996177


Table  8x      BLER in  ISD: 1732m, 7cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0

	MCS-2
	0
	0
	0
	0
	0.02320000
	0.08005000

	MCS-3
	0
	0
	0
	0.02110000
	0.6607667
	0.9001000

	MCS-4
	0
	0
	0.1115500
	0.7173000
	0.9993364
	0.9995182


Table  9x      BLER in  ISD: 1732m, 19cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0
	0.003800000

	MCS-2
	0
	0
	0
	0
	0.01035000
	0.3634000

	MCS-3
	0
	0
	0
	0
	0.5095667
	0.9788500

	MCS-4
	0
	0
	0.005075000
	0.2707000
	0.9974250
	0.9994778


Table  10x      BLER in  ISD: 1732m, 37cell
	  
	10%
	30%
	50%
	70%
	90%
	95%

	MCS-1
	0
	0
	0
	0
	0.09140000
	0.5605500

	MCS-2
	0
	0
	0
	0
	0.8182000
	0.9982143

	MCS-3
	0
	0
	0
	0
	0.9987857
	0.9994785

	MCS-4
	0
	0
	0
	0.2500000
	0.9994052
	0.9995526



*************  End of 2nd Change ******************
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