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[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Toc449509374]Introduction
A new work item has recently been approved in RAN#71 to enhance eMBMS in LTE to better support TV services [1]. One of the objectives is to:
Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)
In this contribution, use cases and corresponding simulation settings for eMBMS performance evaluation are defined.
[bookmark: _Toc448333401][bookmark: _Toc448333528][bookmark: _Toc448334044][bookmark: _Toc448331984][bookmark: _Toc448332116][bookmark: _Toc448333402][bookmark: _Toc448333529][bookmark: _Toc448334045][bookmark: _Toc449509375]Use Cases
3 use cases have been identified for the evaluation of different CPs, these are:
A. Fixed (rooftop antenna)
a. Rural deployments with roof top antennas and longer ISDs
B. Light indoor portable (handheld with integrated antenna)
a. Urban deployments with high indoor penetration loss
C. Mobile outdoor (car mounted antenna)
[bookmark: _Toc449509376]Simulation Parameters for Use Cases A, B and C
Simulation parameters/assumptions for the first 2 use-cases, Fixed (rooftop antenna) and Light indoor portable (handheld with integrated antenna), are taken from the following reference:
 “TR 034, Simulation Parameters for Theoretical LTE eMBMS Network Studies”  
  https://tech.ebu.ch/publications/tr034
Tables 1,2 & 3 provide a summary of the key parameters for the various use cases.

	Parameter
	Fixed
(rooftop antenna)
	Light indoor portable
(handheld with integrated antenna)
	Mobile outdoor (car mounted antenna) - Optional

	ISD
	7, 9, 11, 13, 15
(higher ISDs optional)
	1,2,3,4,5 km
	7, 9, 11, 13, 15
(higher ISDs optional)

	CPs
	16.6us, 33.3us, 66.6us, 100us, 200us

	Carrier frequency
	700 MHz 
[600 MHz optional]

	Channel BW
	10 MHz

	BS Power
	46 dBm

	BS antenna gain
	15dBi

	BS antenna pattern
(EBU TR034)
	3 sector antenna pattern 
Each sector has a horizontal pattern as defined in:
 3GPP TR36.814, Table A.1.1:  3GPP Case 1 and Case 3 (Macro Cell)
No vertical pattern.

	BS antenna height
(EBU TR034)
	30m  
[45m optional for rural scenarios]

	Unicast control region in MBSFN subframes
	None

	Cellular Layout

	Hexagonal grid, 61 cell sites, 3 sectors per site (as per EBU TR034, Annex 2)
1 MBSFN Area (No inter-MBSFN Area interference is modelled)

	Signal time probability:
Wanted / Interfering
	50% / 1% (wanted / interfering)

If the Okumura-Hata model is used for the propagation model (Table 2), then since interpolation is not required, this signal time probability is no longer needed.

	EVM
	Tx EVM is 8%
For these evaluations, these EVM values are independent of the CP numerology.


Table 1:  General Parameters

	Parameter
	Fixed
(rooftop antenna)
rural

	Light indoor portable
(handheld with integrated antenna)
urban
	Mobile outdoor (car mounted antenna)
Rural - Optional

	Propagation model

	ITU-R P.1546-5
Rural
	 ITU-R P.1546-5 
Urban
	ITU-R P.1546-5 
Rural

	
	For RAN1#85, companies have the option of using the simpler Okumura-Hata method defined in Annex 8 of ITU-R.P1546-5.

	Channel type

	TU12 
with Rice Factor 10 dB
(see Note 1) 
	TU12
	3GPP SCM
urban macro

	Receiver velocity
	0km/h
	3km/h
	120km/h

	Receiving antenna height

	10 m
	1.5 m
	1.5m

	Height Loss:
[bookmark: _GoBack]The difference between the signal level at 10m and the actual receiving antenna height
	0 dB
	23.5 dB

(23.5 dB corresponds to urban environment)
	16.5dB

(16.5 dB corresponds to rural environment)

	Building penetration loss
	n/a
(rooftop antenna)
	11 dB
	n/a

	Location variation / shadowing standard deviation
	5.5 dB
	8dB
	8 dB

	Shadowing correlation
	Correlation 1 for sectors of same site; Uncorrelated between sites.


	Man-made noise
	0 dB
	0dB


Table 2:  Channel Characteristics

Note 1:
To simulate the TU12 model with a 10dB Rice Factor, a non-fading zero-delay tap can be added to the already defined Rayleigh fading taps.  The power ratio of this non-fading zero-delay tap to the sum of all other TU12 taps is set to 10dB. It is noted that the TU12 itself also has a zero-delay tap, which is kept, but it’s impact is not that large compared to the added non-fading zero delay tap


	Parameter
	Fixed 
(rooftop antenna)
	Light indoor portable
(handheld with integrated antenna)
	Mobile outdoor (car mounted antenna) - Optional

	Receiver noise figure

	6 dB
	9 dB
	6dB

	Receiver noise bandwidth

	9 MHz

	Receiver antenna 
(gain & pattern)

	13.15 dBi
Discrimination pattern according to 
ITU-R BT.419-3 band IV, V
	-7.35 dBi
Non-directional
	3.0 dBi
Non-directional


	Antenna Cable Loss

	4 dB
	0 dB
	0dB

	2-Rx Diversity

	No
	Yes
	Yes

	Implementation Margin

	1 dB
	1 dB
	1dB

	Body loss at receiver

	0 dB
	2 dB 
(device is in viewing position)
	0dB

	Rx synchronization method

	Maximum C/I

	Unicast control region in MBSFN subframes
	None

	Channel estimation
	Realistic based on proposed RS design

	EVM
	Rx EVM is 4%
For these evaluations, these EVM values are independent of the CP numerology.

	ISI/ICI modelling
	See section 4


Table 3:  Receiver Characteristics

[bookmark: _Toc449509377]Interference power created by ISI and ICI
In the MBSFN scenarios the modelling of the OFDM symbol propagation delays relative to the FFT window setting at the UE is required. If the propagation delay of a signal exceeds the CP length, the received signal may experience the additional interference from the ISI and ICI. The interference power created by ISI and ICI can be calculated based on the relative received signal timing.  An example of a calculation for this interference power for quasi-stationary receivers in fixed and handheld scenarios (use cases A & B, where the impact of RS design and RE-overhead can be neglected), is provided in Tdoc R1-162163.  
The details of the ISI/ICI modelling used to generate simulation results, are to be provided by individual companies.

[bookmark: _Toc449509378]Performance Metric
The Spectral Efficiency that can be achieved with a 95% coverage probability is the key performance metric that will be used to compare different CPs in different use cases.
From the simulations, CDFs of the SINR in the MBSFN area can be determined.  Using these CDFs, the SINR achievable with a 95% coverage probability can be derived.  With this 95% coverage probability SINR, the corresponding MCS that can be supported can be obtained from suitable link level simulations, which can then be used to calculate the achievable spectral efficiency.  For use cases A & B using the existing CP, with quasi-stationary receivers in fixed and handheld scenarios, TR034 Table 7 can be used to provide the MCS.  For use cases A & B using new CPs and use case C, with high Doppler and reduced subcarrier spacing, then new link level simulations may be required.
[bookmark: _Toc448333407][bookmark: _Toc448333534][bookmark: _Toc448334050][bookmark: _Toc448333523][bookmark: _Toc448333650][bookmark: _Toc448334166][bookmark: _Toc448333524][bookmark: _Toc448333651][bookmark: _Toc448334167][bookmark: _Toc448333525][bookmark: _Toc448333652][bookmark: _Toc448334168]

[bookmark: _Toc449509379]APPENDIX A:  Original Parameters from references
The simulation parameter presented in section 2, were derived from the parameters below.
	Parameter
	Ericsson
R1-163288
	Qualcomm
R1-163047
	Nokia
R1-163452

	
	Rural Static - Roof Top Antenna
	Rural Mobile – Car Mounted Antenna
	Rural Static - Roof Top Antenna
	Urban Static – Indoor
	Rural Static - Roof Top Antenna

	ISD
	15km [20km optional]
	7,8,9,10 km
	1,2,3 Km
	

	CPs
	
	
	66.6us, 133.3us, 200us, 266us
	

	Carrier frequency
	600 MHz
	800MHz

	Channel BW
	10 MHz
	20 MHz

	BS Power
	
	
	46 dBm
	46 dBm
	46 dBm

	BS antenna gain
	-
	-
	15dBi
	15dBi
	17dBi

	BS antenna pattern
	-
	-
	Per sector radiation pattern given by section 4.2.1.1 in TR 36.942
	Per sector radiation pattern given by section 4.2.1.1 in TR 36.942
	3-sector directional

	BS antenna height
	-
	-
	45m
	30m
	35m

	
	
	
	
	
	

	UE Antennas
	Single
	Dual-antenna, lambda/2 spacing, IRC
	Single
	Single
	

	UE Antenna gain including feeder loss and preamp gain
	12 dB
	3 dB
	5 dBi(*)
	0 dB
	10dBi

	UE Antenna pattern
	Front-to-back
	Omni
	
	
	

	UE Noise Figure
	
	
	5dB
	7dB
	6 dB

	Minimum Coupling Loss (MCL)
	
	
	80dB
	70dB
	

	Penetration Loss
	
	
	0dB
	15dB
	0dB

	Shadowing
	
	
	4dB
	8dB
	8dB

	Channel model per MBSFN cell
	AWGN
	3GPP SCM [urban] macro
	AWGN
	AWGN
	

	UE speed
	N/A
	120 kmph
	N/A
	N/A
	N/A

	Propagation model
	[ITU P.1546, parameters from EBU technical report 034]
	Section 4.5.3 in TR 36.942
	Section 4.5.3 in TR 36.942
	

	Number of MBSFN cells
	[EBU technical report 034]
	61 eNBs
	61 eNBs
	2 tiers

	Unicast control region in MBSFN subframes
	None
	
	
	

	Channel estimation
	Realistic based on proposed RS design
	
	
	


Table 4:  Simulation Parameters suggested in original sources.

In addition to the above list of parameters, the following proposals were made by Huawei is R1-162138.
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732m

	Distance-dependent path loss
	Hata-Okumura model with urban/rural scenario

	Lognormal Shadowing
	Typical shadow fading
StandardDeviationNLos：8dB
StandardDeviationLos：4dB

	Penetration Loss  
	10 dB (indoor)
0 dB (outdoor)

	Channel model
	TU6

	UE speeds of interest
	3Km/h

	Total BS TX power (Ptotal)
	46 dBm 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters 

	Antenna Height

	BS：32m
UE：1.5m

	Carrier frequency
	700 MHz

	CP length
	16.67us, 33.33us

	antenna gain
	BS：14 dBi
UE：0 dBi

	Noise Figure 
	9 dB 

	Antenna number
	BS: 1
UE: 2 

	ReceiverType
	MRC



[bookmark: _Ref447181368]Table 2.  Definitions of base station antenna parameters
	Parameter
	Assumption

	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	


 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)
(For 3-sector cell sites with fixed antenna patterns)
	


 = 10,  SLAv = 20 dB


The parameter is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values = 6 degrees may be used. 

	Combining method in 3D antenna pattern
	


	
In addition to the antenna bore-sight orientation in TR25.814 (center direction points to the flat side), an optional orientation as shown can be used if needed in Coordinated Multipoint study (i.e., point to corners) for 3GPP internal evaluations
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