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1. Introduction

In last RAN4 meeting, several contributions were provided to discuss the inter-cell synchronization for MBMS. RAN4 reached the following agreements which were captured in RAN4#80 meeting report [1].
RAN4 needs to define the synchronization requirements for MBMS. Two principles should be discussed:

1. Option 1 principle: Define the inter-cell synchronization requirements, for eNB.

2. Option 2 principle: define the total timing delay budget and then eNB synchronization performance can be declared.

In this contribution, we will provide the further discussion on the principles for defining synchronisation requirements for MBMS service.

2. Discussion
Based on the discussion in RAN4#80 meeting, it was agreed that synchronisation requirements should be defined for MBMS. However, there were two options being discussed how to define the requirements. One way is to define inter-cell synchronization requirements for eNB, which is similar to the TDD cell synchronization accuracy requirements. The other way is to define the total received timing delay budget, which is the same as the definition of the synchronization requirement for dual connectivity. 
The UE supporting MBMS service is allowed to simultaneously receive the same MBSFN signal which is transmitted from all the cells in the same service area. Generally UE select strongest cell as serving cell which is usually nearest to the UE. UE demodulated the MBSFN signal based on the downlink timing of the serving cell. Hence, the first detected path from serving cell is assumed as reference timing and the relative delay is assumed as 0us. If the relative timing delay of a signal exceeds the CP length, the received signal may experience the additional interference from the ISI and ICI. So, the received signals can contribute to improve MBSFN performance only when the relative timing delay is within one CP length. However, the relative timing delay (Tdelay) is affected by inter-cell transmit timing error (Terror) and propagation delay offset (TProp_Offset), which can be expressed as follow.
Tdelay = Terror + TProp_Offset
In this paper, system level simulations are performed to collect the multi-path delay profiles (PDP) of UE received signals from the same MBSFN area. For achieving with a 95% coverage probability, the multi-path delay profiles of a UE with 5%-tile SINR are chose to analyze the impacts of inter-cell transmit timing error and propagation delay.
Main simulation parameters are shown in Table 1. In order to evaluate the impact of propagation delay difference (TProp_Offset), eNBs are deployed with different inter-site distance (ISD). The CP length of MBSFN subframe is 16.67us, and inter-cell transmit timing error is investigated from 0us to 17us.
Table 1: System level simulation setup and parameters for evaluation
	Parameter
	Setting

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site
1 MBSFN Area (No inter-MBSFN Area interference is modelled)

	Inter-site distance (ISD)
	0.5km,1.732km, 2km, 3km, 5km, 10km

	inter-cell transmit timing error (Terror)
	0us, 1us, …, 17us

	Maximum node transmit power
	46 dBm

	Number of carrier frequencies
	1

	Frequency / bandwidth
	800MHz, 10 MHz

	Channel model, UE speed
	ITU, 120 km/h

	Number of TX ( RX antennas
	1(2

	Antenna gains & configuration
	three-cell, 17 dBi incl. connector loss, 3D pattern

	Path loss & Shadow fading
	ITU RMa [referring to Table B.1.2.1-1 in TR36.814]

	Penetration loss (for all UEs)
	0 dB

	Number of UEs per macro cell
	10

	UE distribution
	Uniform 


Table 2 shows the ratio of power utilization in a MBSFN area. The ratio is calculated by following equation:
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Where, Putilized is assumed as the power of signals captured within the CP length. Ptotal represents the total power of signal from all the cells.
Table 2: Ratio of Power Utilization in MBSFN Area
	Terror
	ISD

	
	500m
	1732m
	2000m
	3000m
	5000m
	10000m

	0us

(Ideal)
	100%
	100%
	100%
	99.6%
	97.4%
	90.7%

	1us
	100%
	100%
	100%
	99.6%
	96.8%
	90.7%

	2us
	100%
	100%
	100%
	99.4%
	95.8%
	90.7%

	3us
	100%
	100%
	100%
	98.9%
	95.8%
	90.7%

	4us
	100%
	100%
	100%
	98.5%
	95.8%
	90.7%

	5us
	100%
	100%
	99.9%
	98.5%
	94.7%
	90.7%

	6us
	100%
	99.8%
	99.7%
	97.8%
	93.0%
	83.8%

	7us
	100%
	99.4%
	99.4%
	97.6%
	93.0%
	83.8%

	8us
	99.9%
	99.2%
	99.2%
	96.3%
	90.8%
	83.8%

	9us
	99.9%
	98.0%
	98.0%
	95.0%
	90.8%
	83.8%

	10us
	99.9%
	97.9%
	97.3%
	95.0%
	90.8%
	83.8%

	11us
	99.9%
	96.7%
	93.8%
	94.6%
	90.8%
	83.8%

	12us
	99.9%
	92.9%
	93.8%
	90.2%
	90.8%
	45.8%

	13us
	99.9%
	92.8%
	91.0%
	90.2%
	90.8%
	45.8%

	14us
	97.7%
	86.6%
	87.6%
	71.6%
	77.6%
	45.8%

	15us
	89.5%
	63.7%
	67.7%
	71.6%
	77.6%
	45.8%

	16us
	61.8%
	63.7%
	67.7%
	71.6%
	41.0%
	45.8%

	17us

(non-MBMS)
	25.2%
	34.5%
	36.9%
	38.9%
	38.2%
	38.2%


For a small cell size (ISD=500m), the ratio of signal power utilization in MBSFN area can be more than 80% when inter-cell transmit timing accuracy is controlled within 15us. For a very large cell size (ISD=10km), the ratio of signal power utilization can be more than 80% only when inter-cell transmit timing accuracy is controlled within 11us. 
The second principle for defining MBMS synchronization requirements was suggested in consideration that cell synchronization requirement would be tighten by big cells. However, it can be observed that the inter-cell transmit timing accuracy is only tighten with 4us even though the cell size is expanded to 20 times. It seems can be concluded that the ratio of signal power utilization is not very sensitive to the cell size. 
Based on the above analysis, the following proposal is provided.
Proposal: The principle for defining synchronization requirements for MBMS services is suggested as follow:
· Define the inter-cell synchronization requirements for eNB
3. Conclusions

In this paper, we discuss two principles for defining the synchronization requirements for MBMS services, and the following is proposed.
Proposal: The principle for defining synchronization requirements for MBMS services is suggested as follow:

· Define the inter-cell synchronization requirements for eNB
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5. Appendix
Multi-path delay profiles (PDP) of total received signal are provided in this section.
5.1. ISD=500m
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(a) Terror = 0
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(b) Terror = 17us


Figure A5: Multi-path delay profiles of UE with 5%-tile SINR (ISD=500m)

5.2. ISD=1732m
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(c) Terror = 0
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(d) Terror = 17us


Figure A5: Multi-path delay profiles of UE with 5%-tile SINR (ISD=1732m)
5.3. ISD=2000m
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(e) Terror = 0
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(f) Terror = 17us


Figure A5: Multi-path delay profiles of UE with 5%-tile SINR (ISD=2000m)
5.4. ISD=5000m
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(a) Terror = 0
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(b) Terror = 17us


Figure 1: Multi-path delay profiles of UE with 5%-tile SINR (ISD=5000m)
5.5. ISD=10000m
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(a) Terror = 0
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(b) Terror = 17us


Figure 1: Multi-path delay profiles of UE with 5%-tile SINR (ISD=10000m)
Table 1: Ratio of Power Utilization in MBSFN Area
	Terror
	ISD

	
	500m
	1732m
	2000m
	3000m
	5000m
	10000m
	12000m

	0us

(Ideal)
	100%
	100%
	100%
	99.6%
	97.4%
	90.7%
	90.6%

	1us
	100%
	100%
	100%
	99.6%
	96.8%
	90.7%
	90.6%

	2us
	100%
	100%
	100%
	99.4%
	95.8%
	90.7%
	90.6%

	3us
	100%
	100%
	100%
	98.9%
	95.8%
	90.7%
	83.7%

	4us
	100%
	100%
	100%
	98.5%
	95.8%
	90.7%
	83.7%

	5us
	100%
	100%
	99.9%
	98.5%
	94.7%
	90.7%
	83.7%

	6us
	100%
	99.8%
	99.7%
	97.8%
	93.0%
	83.8%
	83.7%

	7us
	100%
	99.4%
	99.4%
	97.6%
	93.0%
	83.8%
	83.7%

	8us
	99.9%
	99.2%
	99.2%
	96.3%
	90.8%
	83.8%
	83.7%

	9us
	99.9%
	98.0%
	98.0%
	95.0%
	90.8%
	83.8%
	83.7%

	10us
	99.9%
	97.9%
	97.3%
	95.0%
	90.8%
	83.8%
	77.5%

	11us
	99.9%
	96.7%
	93.8%
	94.6%
	90.8%
	83.8%
	45.8%

	12us
	99.9%
	92.9%
	93.8%
	90.2%
	90.8%
	45.8%
	45.8%

	13us
	99.9%
	92.8%
	91.0%
	90.2%
	90.8%
	45.8%
	45.8%

	14us
	97.7%
	86.6%
	87.6%
	71.6%
	77.6%
	45.8%
	45.8%

	15us
	89.5%
	63.7%
	67.7%
	71.6%
	77.6%
	45.8%
	45.8%

	16us
	61.8%
	63.7%
	67.7%
	71.6%
	41.0%
	45.8%
	45.8%

	17us

(non-MBMS)
	25.2%
	34.5%
	36.9%
	38.9%
	38.2%
	38.2%
	38.1%


8
3

_1536755028.unknown

