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1. Introduction

This document presents assumptions and guidelines for simulation of solutions proposed for IVS. This document referenced guidelines drafted in 2004 for evaluation of FEC methods for MBMS [2]. The assumptions and parameters chosen for MBMS simulation are broadly collected and investigated from RAN WG1 documents proposed for performance evaluation of MBSFN [3] ~ [10].
The primary purpose of this document is to provide background knowledge on the simulation performed for Unequal Error Protection using Raptor FEC [13]. However, it is also proposed to include the material presented in this document in the Permanent Document on Improved Video Support [12] in order for consistent evaluation of solutions.

2. Background
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Figure 1: Unequal error protection with SVC either with temporal, spatial or fidelity scalability or combinations of those.[1]
A use case for graceful degradation in MBMS services when entering bad reception conditions is described in current IVS Technical Report 26.9de [1](section 5.2.4.2 and Figure 1). Solutions for graceful degradation using Unequal Error Protection with SVC are also discussed in the TR [1]. The performance of the proposed solutions need to be evaluated, hence a guideline for simulation to produce consistent result by third party needs to be defined.

The guideline proposed in this document only covers the case of MBMS where UEs in good signal quality receive all SVC layers, hence they display high quality video, while those UEs of low signal quality only succeed to receive lower SVC layer protected with strong FEC. As a result, the UEs in bad signal reception may display low quality video rather than experiencing service outage.
In order to simulate the use case, MBSFN (Multicast Broadcast Single Frequency Network) service area is modelled as depicted in Figure 2. In Figure 2, it is assumed a group of participating cells of MBSFN transmission mode are synchronized in same frequency band, modulation and coding rate. Within the MBSFN area, the spectral efficiency is improved as UEs combining signals from surrounding cells. Therefore highest spectral efficiency can be achieved in the centre of the MBSFN area, as depicted in the curve ‘AAA’.

The MBSFN service area may be surrounded by interference cells. In this case, interference from surrounding cells decreases signal quality, hence cells in the edge of the MBSFN area may experience poor spectral efficiency as depicted in the curve ‘AII’. In other words, the whole MBSFN area exhibits similar channel characteristics as huge single cell. This characteristics of MBSFN has extensively been studied in documents [3]~[10], therefore the simulation model should consider the channel characteristics.
Another assumption on surrounding cells is that the cells may be silent and do not emit any signal in the MBSFN frequency band. This is the case where operator allocates dedicated frequency just for MBSFN service. In this case, overall spectral efficiency is increased due to interference reduction. This deployment model should also be considered.
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Figure 2 An example of MBMS deployment and spectral efficient by coverage
When evaluating performance of IVS solutions, BLER trace at the edge of the MBSFN area is critical. It is because the coverage and throughput target of MBSFN area is determined by the worst case performance at the coverage boundary. Therefore, the lower bound MCS (Modulation and Coding Scheme) level that can guarantee the maximum coverage and minimum service quality should be identified. The overall performance of MBSFN may be improved if an IVS solution is able to improve the service quality at the edge, as a result, it increases the lower bound of MCS level. In order to investigate this performance bound, the simulation model should be able to generate BLER trace at various MCS level, and evaluate service quality experienced by user.
The assumptions for MBSFN simulation should also be able to apply in the case of single-cell multicast where frequency and MCS level for multicast transmission is determined independently at each multicast capable cell. Currently, this single-cell multicast transmission mode is not supported in release-9 E-UTRAN, therefore detail of the simulation guideline for the case of single-cell multicast is left for future study.

3. Assumptions and Guidelines for Simulation
Table 1 is typical parameter settings used for MBMS simulation in [9], and also in many other documents [3]~[10]. 
The total number of cells modelled in the simulations is 57. In the 57 cells, 1 cell or 7 cells (consists of single surrounding ring of cells), 19 cells (consists of two surrounding rings of cells), 37 cells (three surrounding rings) are chosen for MBSFN transmission. Other cells are configured to generate interference to MBSFN cells, or assumed to be silent.
The bandwidth allocated for MBSFN is either 5MHz or 10MHz in 2 GHz band.
Table 1. Typical simulation assumption for MBMS evaluation
	Parameter
	Value

	Number of Cells
	57

	Number of users per cell
	10

	Bandwidth
	5 MHz, 10MHz

	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
	16.6 us

	Channel estimation loss
	1 dB

	Channel Model
	GSM Typical Urban

	Link-to-System Mapping
	Constrained Capacity Effective SNR


Table 2. Typical Scenario
	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)


Table 2 shows two types of deployment scenarios. D1 models densely deployed cells in urban area of which the distance between eNodeBs is 500m. D3 is sparsely deployed model of inter-site distance 1732m. User model is Typical Urban that moving speed is limited to 3km/hr.

	MCS
	Data rate
(bps/Hz)
	Data rate
(Mbps in 5 MHz)
	Block Size

(Bytes/BLK)

	QPSK R=1/4
	0.42
	1.5
	187

	QPSK R=1/2
	0.83
	3.0
	375

	QPSK R=3/4
	1.25
	4.5
	562

	16QAM R=1/2
	1.67
	6.0
	750

	16QAM R=5/8
	2.08
	7.5
	937

	16QAM R=3/4
	2.5
	9.0
	1125

	64QAM R=5/8
	3.125
	11.25
	1406

	64QAM R=3/4
	3.75
	13.5
	1687


Table 3  MCS levels, data rates and physical block size
Table 3 shows a series of modulation and coding rates that can achieve data rates between 1.5Mbps to 13.5 Mbps of 1.5 Mbps spacing, in 5 MHz bandwidth. 
In MBSFN transmission mode, a physical block corresponds to a subframe of 1 msec length. Therefore the size of effective information bytes per block may range from 187 bytes to 1687 bytes.

If we suppose video servers generate IP packets identical to the size of physical block, we may assume BLER indicates application level PER (Packet Error Rate). This may simplify application level PSNR study. Otherwise, IP packets need to be fragmented according to the size of physical block, and PER should be calculated using BLER. 
4. Conclusion
We propose to include the assumptions for simulation presented in this document in the Permanent Document on Improved Video Support [12], and use the guideline for consistent simulation study.

5. References
[1] 3GPP TR 26.9de V1.0.0, Technical Specification Group Services and System Aspects;
Improved Video Support for PSS and MBMS Services(Release 9), April 2009.
[2] 3GPP SA4 Tdoc S4-040348, “Permanent Document on: Simulation guidelines for the evaluation of FEC methods for MBMS download and streaming services Pseudo CR for section 7 on Graceful Degradation Use Case”, Digital Fountain, Ericsson, NEC, Nokia, Nortel, Siemens , SA4 31st meeting, Montreal, Canada, 17-21 May 2004

[3] 3GPP TS 25.814 V7.1.0, “Technical Specification Group Radio Access Networks; Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA) (Release 7)”, Sep 2009

[4] 3GPP RAN1 Tdoc R1-061292, “MBMS throughput performance”, Siemens, RAN1 45th meeting, Shanghai, China, 8-12 May 2006

[5] 3GPP RAN1 Tdoc R1-061445, “E-MBMS Performance:Data Rates and Coverage”, Texas Instruments, RAN1 45th meeting, Shanghai, China, 8-12 May 2006

[6] 3GPP RAN1 Tdoc R1-062062, “10MHz E-UTRA Downlink Performance and Numerology”, Motorola, RAN1 46th meeting, Tallinn, Estonia, 28th August-1st September 2006

[7] 3GPP RAN1 Tdoc R1-063450, “Performance of MBMS with Partial SFN Operation”, QUALCOMM Europe, RAN1 47th meeting, Riga, Latvia, 6-10 November 2006

[8] 3GPP RAN1 Tdoc R1-070051, “Performance of MBMS Transmission Configurations”, Motorola, RAN1 47th-bis meeting, Sorrento, Italy, 15-19 Jan 2007

[9] 3GPP RAN1 Tdoc R1-0670819, “E-MBMS Performance Characterization”, QUALCOMM Europe, RAN1 48th meeting, St. Louis, USA, 12-16 February 2007
[10] 3GPP RAN1 Tdoc R1-071049, “Spectral Efficiency comparison of possible MBMS transmission schemes: Additional Results”, Ericsson, RAN1 48th meeting, St. Louis, USA, 12-16 February 2007
[11] 3GPP SA4 Tdoc S4-090864, “Graceful Degradation Use Case”, ETRI, SA4 56st meeting, Sophia Antipolis, France, 9-13 November 2009
[12] 3GPP SA4 Tdoc S4-090317, “Permanent Document on Improved Video Support”, NOKIA Corporation, SA4 53rd meeting, San diego, USA, 13-17 April 2009

[13] 3GPP SA4 Tdoc S4-090864, “Graceful Degradation Use Case”, ETRI, SA4 56th meeting, Sophia Antipolis, France, 9-13 November 2009

- 5/5 -

