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1. Introduction
One objective of current work item EMM is to improve the reliability of streaming and download services delivery over MBMS [1]. In order to do it performance evaluation is necessary. Since there is no specific channel model for simulation to get performance in fair condition, the document recommends loss generation method based on channel data model which is included in TR 26.904[2] as an Appendix.
2. Loss Pattern Generation
 Based on simulation results in chapter 2 (TR 29.904[2]), we generate a formula and parameters using Markov model. Figure 1 shows covariance of BLER in MCS 1. Each MCS level has different BLER covariance and Figure 2 shows BLER versus SINR according to different MCS levels. Figure 3 shows SINR measured at every 200 msec.
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Figure 1. Covariance of MCS 1
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Figure 2. BLER against SINR in single Sector (ISD=500m)
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Figure 3. SINR measured at every 200 msec 

We convert SINR data to BLER data based on the above BLER data and MCS level. Below Figure 4 shows the example of converted BELR data according to MCS level 1 and 2.

[image: ][image: ]
Figure 4. Example of BLER data according to MCS level

After converting SINR data to BLER data, each sampling period (200msec) data is decided whether it is good time period or bad time period by target BLER. In this document, target BLER is set to be 10%. For instance, if BLER of one specific sampling period is under 10%, it is considered as a good time period. If BLER is over 10%, it is regarded as a bad time period. 
Since wireless network has burst loss characteristic, we divide the whole sequence period into 2 segment states which are good segment state and bad segment state. BLER is relatively high in bad segment state. In order to define average time of each state, continuous sampling time periods are counted as one good state segment or one bad state segment. If more than 2 states of time periods keep same state, it is counted as one segment until the state changes.
Then average length of good and bad segments is calculated using total number of good and bad segments and sum of number of each state sampling period. Table 1 indicates necessary parameters for Markov channel modeling and Figure 5 is a concept of Markov model. 
	Parameter
	Meaning

	
	transition probability from Good state to Bad state

	
	transition probability from Bad state to Good state

	
	BLER in Good state

	
	BLER in Bad state

	
	Average Length of Bad state segment

	
	Average length of Good state segment


Table 1 Parameters for Markov channel modeling
[image: ]
Figure 5. Markov model

These parameters can be obtained from the above channel data. For example, Figure 6 indicates the last 700 second part of the channel data when MCS level is 2. After the parameter values are obtained from the graph, it is possible to normalize and generate trace file using Markov model. Table 4 shows an example parameter values from the example channel data.
[image: ]
Figure 6. Part of the sample channel data


	Parameter
	Value
	Parameter
	Value

	
	0.008
	
	54%

	
	0.14
	
	124 (24.8sec)

	
	0.5%
	
	7 (1.4sec)



Table 2 Parameters’ values of the above simulation result

4. Conclusion
 In this document, trace generation method using channel data in TR 26.904 is presented as one of options. The method is able to implement similar channel data with burst loss. Therefore we suggest the channel trace generation method and trace file data from last TR 26.904[2] to be used for further performance evaluation of MBMS.
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Assumptions for Simulation Method for Solutions on MBMS Services
This Annex A presents assumptions for simulation study for solutions within MBMS services (i.e. MBSFN). The information in the present document has been collected with the best knowledge that was available at the time when the present document was produced and may not necessarily represent a realistic MBMS deployment. It is up to the reader of the TR to identify if the parameters in this Annex are relevant for their use. Note that the packet loss pattern proposed in this Annex A is time uncorrelated model.
The cell layouts frequently found in performance studies in RAN working groups are similar as Figure A.1. These layouts are composed of 19 cells of which each cell consists of 3 sectors. Therefore, total number of sectors is 57. 
Figure A.1 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 A.1, 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 in A.1 show scatter graphs of BLER level in different MBSFN layouts and channels. In the figures, it is illustrated that 64 QAM signal of 10% loss rate (purple dots) may only cover less than 20% area in single sector layout, however in 7 sector layout, the coverage of 10% loss rate increases to 45%, and it becomes 65% in 19 sectors layout, 75% in 37 sectors layout. The red dots’ area is high-loss rate area due to strong interference. BLER figures of 16QAM and QPSK channel in the case of 19 sector layout are also described.
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Figure A.1: MBSFN layouts composed of 1, 7, 19, 37 sectors in 57 sector area
Table A.1 is the configuration for channel level simulation. These are also generally accepted assumptions in RAN WG1 documents. 
Table A.1: 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 µs)

	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 A.2 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.
Table A.2: MCS levels, data rates and physical block size
	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




Figures A.2 to A.6 show the BLER curves of the 4 MCS channels in various cell layouts. Figure A.2 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 0.1% 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 65%. The highest throughput channel of 9Mbps (i.e. 64QAM and 1/2 rate coding) may only cover 10% area if BLER is less than 0.10%. 
[image: 1cellcoverage]
Figure A.2: BLER in Single Sector (ISD=500m)
[image: 7cellcoverage]
Figure A.3: BLER in 7 Sector (ISD=500m)
[image: 19cellcoverage]
Figure A.4: BLER in 19 Sector (ISD=500m)
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Figure A.5: BLER in 37 Sector (ISD=500m)
[image: ]
Figure A.6: BLER Curves in Different Layouts (9Mbps and 3Mbps)
The presented results so far within Annex A assumed that the MBSFN area is equal to the MBMS service reception area. An alternative for the simulation setup include an increase of the MBSFN area beyond the intended MBMS service reception area. The MBSFN area can be made equal to the size of the intended reception area plus one or more ring of cells. 
Figure A.7 shows the simulation setup with an MBSFN area size of 19 cells surrounded by interfering cells. For the moment we assume that the surrounding cells transmit unicast data. 3 reference circles close to the border of the MBSFN area are also shown in Figure A.7. Figure A.8 shows the scatter plot of SINR (dB-averaged over frequency domain) from the simulation scenario in Figure A.7. The radius of the 3 reference circles is shown as vertical lines. It can be seen that below 500m distance the mean of the SINR distribution versus the distance is quite constant. At a distance larger than 500m a strong drop of the SINR is noted. This strong drop can be avoided if the MBSFN area is extended beyond the service reception area resulting in a more uniform SINR within the reception area. In order to get similar simulation results, locations in the border cells of the MBSFN area may be excluded from the evaluation of reception locations.
[image: ]
Figure A.7: Simulation scenario: 19 cells in MBSFN area
[image: ]
Figure A.8: SINR versus distance from MBSFN center; interfering unicast cells
 In another simulation setting the cells surrounding the considered MBSFN reception area are assumed to belong to another MBSFN. In this case, techniques such as interference rejection combining (IRC) in the UE are more efficient, because the signals from all the cells of the adjacent MBSFN area coherently aggregate (as long as they arrive within the cyclic prefix) and thereby the adjacent MBSFN area is seen as one single large interfering cell. IRC is most efficient in this case of a dominant single interferer. Figure A.9 shows the SINR results for this scenario. Compared with Figure A.8 the SINR is significant higher. Therefore, the assumptions of simulations should distinguish whether the cells outside of the considered MBSFN area transmit unicast data or belong to another MBSFN area.
[image: ]
Figure A.9: SINR versus distance from MBSFN center; interfering cells from a second MBSFN
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