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1
Introduction
In RAN#71 a new work item (WI) “eMBMS enhancement for LTE” [1] was introduced. As part of this study item, eMBMS system capacity enhancements are being considered. These include modifications to the existing control and signaling to increase the eMBMS data throughput as well as changes to the existing physical layer numerology to enable additional deployment scenarios. In this document, we outline and discuss a suitable methodology to perform this evaluation.
2
Discussion
For Rel-14, a study item was introduced in RAN1 to consider multiple enhancements to eMBMS to enable additional deployment scenarios which can include rural scenarios with large intersite eNB spacing, fixed outdoor antenna reception, as well as channel deployments in new operating bands in the 500-700MHz range. In order to increase the overall coverage range of eMBMS services, structural change to the existing LTE numerology is required. As part of this change, a lengthening of the LTE cyclic prefix (CP) is to be considered. 

For this study item, various CP sizes should be considered under different scenarios to ensure that the overall system is capable of operating in these new deployment scenarios. An evaluation methodology for comparing the performance of various CP sizes is the focus of this contribution. 
The following topics are discussed in this contribution:

· System Evaluation Scenarios and Methodology
· Performance Metrics
· Link Level Simulations

2.1
System Evaluation Scenarios and Methodology
In order to evaluate the performance of increasing the length of the CP, a system model can be constructed for simulation that addresses all significant parameters affecting macro-scale eMBMS performance. The model consists of eNB transmit and UE receive parameters along with channel propagation parameters that are suitable for two unique situations:

Scenario 1: Urban, Handheld device, Indoor reception

Considers dense eNB deployments with small intersite distances, a UE device with average receiver characteristics, and reception inside a building which implies larger penetration losses

Scenario 2: Rural, Outdoor antenna for fixed Indoor reception

Considers large eNB intersite distances, a receiver with superior receiver antenna characteristics, and outdoor reception with an active gain antenna

A system model based on 3GPP TR 36.942 [2] is considered as a baseline for specifying the propogation loss model for urban and rural cases, as well as typical eNB transmit and UE receive parameters. Further modification to these parameters is made to most accurately reflect the eNB, UE, and channel model characteristics that would map best to the two scenarios defined above.
A listing of these parameters is given below for the two scenarios:
	Parameter
	Scenario #1: Urban/Handset/Indoor
	Scenario #2: Rural Rooftop Ant/Outdoor

	CP lengths
	66.6us, 133.3us, 200us, 266us

	Operating Frequencies
	600 MHz

	Channel BW
	10 MHz

	eNB Sites
	61 eNB sites in hexagonal configuration

	BS Antenna Pattern
	Per sector radiation pattern given by section 4.2.1.1 in TR 36.942

	BS Antenna Gain
	15dBi

	BS Antenna Height
	30m
	45m

	BS ISD
	1,2,3 Km
	7,8,9,10 Km

	BS Tx Power
	46 dBm

	Propagation/ Path Loss Model
	Section 4.5.2 in TR 36.942
	Section 4.5.3 in TR 36.942

	Minimum Coupling Loss (MCL)
	70dB
	80dB

	Penetration Loss
	15dB
	0dB

	Shadowing
	8dB
	4dB

	UE Antenna Gain
	0dB
	5dBi(*)

	UE Noise Figure
	7dB
	5dB

	Num UE Antenna
	1


(*)For the UE Antenna Gain parameter, other values may be considered corresponding to directional antennas with higer gain
A group of 61 eNB sites are configured for simulation. Monte-Carlo simulations are run placing a UE randomly within the collection of eNB sites. Path loss measurements and path delay are formulated from each eNB sector and the UE using the parameters given above. For a given CP length, the signal power and interference power are accumulated for each of the arriving eNB signal. Note that path delays exceeding the chosen CP lenth will contribute a portion of the received power to both the signal power and interference power, where the ratio is determine by the amount of the path delay in excess of the CP. Noise is additionally considered based on the integration of the noise density over the signal bandwidth. An overall signal to interference plus noise (SINR) ratio is computed per realized UE instance. Based on the results of multiple UE instances, an overall CDF of the SINR as function of CP length and eNB intersite spacing can be obtained.
2.2
Performance Metrics

Results of the system model simualtions should show CDF curves of receiver SINR. For the various choices of CP length, channel frequencies, and eNB intersite distances, CDF curves can be generated showing the SINR distribution under the urban and rural simulation scenarios. Further tabulation of the 95% coverage point for each case will point to the set of CP lengths that provide sufficient SINR to achieve a reasonable spectral efficiency for eMBMS operation. Reasonable performance under both the urban, indoor handheld as well as the rural, outdoor rooftop antenna scenarios will help ensure that eMBMS operation is acceptable for a wide array of deployments.
2.3
Link Level Simulations
CP lengths that meet acceptable 95% SINR coverage levels can be further simulated at the link level. Additonal parameters such as choice of DMRS positioning in time/frequency can be varied to determine throughput levels for the expected range of SINR. Additionally, performance in mobility conditions can be further evaluated.
An exemplary channel model that can be used is a set of 3 equal gain ETU channels modeling the UE’s MBSFN reception from 3 nearby cells with some variation in the path delay for each set. Mobility conditions can target 3km/hr and 60km/hr.
3
Conclusions 
This contribution outlined the parameters and assumptions used for evaluation. In particular, we propose:
· Scenarios and methodology

· Evaluations for eMBMS enhancements should include Monte-Carlo system level simulations based from the one described in 3GPP TR 36.192. Additional modifications to the simulation assumptions should include variations for the urban, indoor handheld case as well as the rural, outdoor rooftop antenna case. 
· Performance metrics
· Results should show CDF distributions of receiver SINR as a function of various parameters: 
CP length

eNB intersite distance

Channel Frequency
· Tabulation of the results should include the 95% coverage point for each case

· Link level simulations

· Upon determination of a set of suitable CP lengths that meet SINR requirements for both the urban and rural models, additional link level simulations can be conducted to show throughput as a function of SNR under specific channel model and mobility conditions.
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