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A new study item has recently been approved in [1] with the intention to identify any gaps in LTE-eMBMS with respect to the requirements for dedicated terrestrial broadcast networks, and to suggest suitable improvements where necessary.
In this contribution, use cases, values for corresponding simulation parameters and methodologies for eMBMS network simulations are set out for discussion. These are intended to help evaluate the performance of eMBMS in order to identify gaps for which improvements would be beneficial. The scenarios, parameters and methodologies in this document are aimed at fulfilling the 5G requirements for terrestrial broadcast networks and relevant to public service broadcasters as set out in [2].
All the scenarios, simulation parameters and methodology are substantially based on the framework already used in 3GPP as part of the Rel-14 EnTV initiative and set out in [3]. Additional figures, representative of High Power High Tower (HPHT) broadcasting networks have been added, as appropriate, based on [4].
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Three use cases have been identified for the evaluation of the observations and requirements in [2]: 
A. Fixed (rooftop antenna) from a HPHT network 
B. Outdoor portable handheld with integrated antenna
C. Mobile outdoor 
a. Car mounted antenna 
b. UE handset docked inside vehicle
It is important that the reception of both the cell acquisition subframe (CAS) and the PMCH should be considered for each use case in order to ensure that the CAS adequately supports the reception of the PMCH i.e. observation 10 of [2]. 
[bookmark: _Toc449509376]Simulation Parameters for Use Cases A, B and C
The simulation parameters/assumptions below for all three use cases are substantially based on those already used in 3GPP [3].
Additional information on HPHT terrestrial broadcasting networks has been obtained from [4] to serve the Fixed (rooftop antenna) use case. The Inter-site Distance (ISD), Base Station (BS) antenna height, BS antenna gain and BS power for use case A (fixed) have all been derived from table 4 of this reference.
[5] showed that the ISD of real mobile networks is likely to vary between urban and rural environments. It was found that while it is likely that the ISD of real networks in urban areas may be around 2km, 15km is more representative in rural areas. For use cases B and C it is believed that the most challenging environment will be in rural areas due to the greater ISD. It is therefore considered sufficient to assess the rural case alone i.e. 15km ISD. 
Tables 1, 2 & 3 below, appear in [3]. They have been updated for the purposes of this study.
	Parameter
	Fixed
(rooftop antenna)
	Outdoor portable
(handheld with integrated antenna)
	Mobile Car Mounted Antenna
	Mobile UE Mounted in Dock

	ISD
	125km
(ITU-R BT.2337-1)
	15 km
[5]
	15 km 
[5]
	15km
[5]

	Cyclic Prefixes (CP)/Symbol Period
	To be determined from the studies
	To be determined from the studies
	To be determined from the studies
	To be determined from the studies

	Carrier frequency
	700 MHz 

	Channel BW
	10MHz
	1.4, 3, 5, 10MHz
	1.4, 3, 5, 10MHz
	1.4, 3, 5, 10MHz

	BS Power
	70 dBm*
	46 dBm
	46 dBm
	46 dBm

	BS antenna gain
	13 dBi*
	15dBi
	15dBi
	15dBi

	BS antenna pattern
	Omni-directional.
No vertical pattern.

	BS antenna height
	300m
(ITU-R BT.2337-1)
	30m  
	30m
	30m

	Unicast control region in MBSFN subframes
	None

	Cellular Layout
	Hexagonal grid, 61 cell sites, 1 sector per site
1 MBSFN Area (No inter-MBSFN Area interference is modelled)

	Propagation model
	ITU 1546
	Okumura Hata or ITU 1546

	Signal time probability:
Wanted / Interfering
	50% / 1% (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
*Taken together, the BS Power and BS antenna gain are representative of the Effective Isotropic Radiated Power (EIRP) of a high power television tower in [4]

	Parameter
	Fixed
(rooftop antenna)
rural

	Outdoor portable
(handheld with integrated antenna)
	Mobile Car Mounted Antenna
	Mobile UE Mounted in Dock

	Propagation model

	ITU-R P.1546-5
Rural
	ITU-R P.1546-5
Urban or Okumura-Hata defined in Annex 8 of ITU-R.P1546-5.
	ITU-R P.1546-5
Rural or Okumura-Hata defined in Annex 8 of ITU-R.P1546-5.
	ITU-R P.1546-5
Rural or Okumura-Hata defined in Annex 8 of ITU-R.P1546-5.

	Channel type

	TU12 
with Rice Factor 10 dB
(see Note 1) 
	
	
	

	Receiver velocity
	0km/h
	3km/h
	Up to 250km/h
[2]
	Up to 250km/h
[2]

	Receiving antenna height (a.g.l.)
	10 m
	1.5 m
	1.5m
	1.5m

	Height Loss:
The difference between the signal level at 10m and the actual receiving antenna height
	0 dB
	16.5dB

(23.5 dB corresponds to urban environment)
	16.5dB

(23.5 dB corresponds to urban environment)
	16.5dB

(23.5 dB corresponds to urban environment)

	Building penetration loss
	n/a
(rooftop antenna)
	n/a
	n/a
	8dB 
Table A1.7 [6]

	Location variation / shadowing standard deviation
	5.5 dB
	5.5 dB
	5.5 dB
	5.9** dB
Table A1.7 [6]

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

	Man-made noise
	0 dB
	0dB
	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 its impact is not that large compared to the added non-fading zero delay tap.
** [6] states that there is a 2dB variation in vehicle penetration loss. 5.9dB incorporates this figure i.e. sqrt(5.5^2+2^2).

	Parameter
	Fixed
(rooftop antenna)
	Outdoor portable
(handheld with integrated antenna)
	Mobile Car Mounted Antenna
	Mobile UE Mounted in Dock

	Receiver noise figure

	6 dB
	9 dB
	6dB
	9dB

	Receiver noise bandwidth
	9 MHz
	1.1, 2.7, 4.5, 9 MHz
	1.1, 2.7, 4.5, 9 MHz
	1.1, 2.7, 4.5, 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
	-7.35 dBi
Non-directional

	Antenna Cable Loss
	4 dB
	0 dB
	0dB
	0dB

	2-Rx Diversity
	No
	Yes
	Yes
	Yes

	Implementation Margin
	1 dB
	1 dB
	1dB
	1 dB

	Body loss at receiver
	0 dB
	2 dB
(device is in viewing position)
	0dB
	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 in [3]


Table 3:  Receiver Characteristics
Receiving Antenna Alignment
For use case A it will be necessary to align the directional, roof-top receiving antenna with a particular base station before the coverage of the network may be assessed. It is therefore important to define the method to be used for this purpose. 
Observation 3 in [2] sets out that receiving antenna alignment is of particular interest for broadcasters, particularly for existing networks where it is necessary to avoid viewer disruption through the realignment of receiving antennas that have already been installed. It is therefore believed that studies assuming the most optimal alignment methods may be too optimistic to take this concern into account.   
It is therefore proposed that, at each receiving location, the receiving aerial be aligned to the transmitter that provides the strongest signal (or conversely the lowest path loss), on average, before location variation/shadowing is taken into account. In the event of a tie, the direction of alignment may be chosen arbitrary from the strongest transmitters that have been identified. Once the receiving antenna alignment has been determined for a particular location the alignment should remain this way while the statistics for the location are generated. The process is repeated for each location so that always the strongest signal, on average, is selected.  
Note that for use cases B and C with omni-directional antennas, this process does not apply.
Coverage Definition for Fixed Rooftop in MBSFN Areas
The objective of broadcasting is to provide the same capacity to all users over the entire coverage area for a given reception quality. In hexagonal grid simulations, users are uniformly distributed across the coverage area, implying that the same capacity should be delivered to all locations within it. The capacity available across the entire network may therefore be adequately determined by finding the locations where the minimum capacity occurs.
For the 61site network shown in figure 1, figure 2 provides an example of the percentage of users at each location that would receive a given SINR across the network for the prediction area shown i.e. the coverage quality. The use case is a fixed rooftop scenario with parameters broadly in line with those described in section 3. All sites in the network are in the same MBSFN Area and all sites synchronously transmit the same CAS with the same cell ID and signalling content.
Figure 2-right shows us that the coverage quality varies across the network. In this example it is possible, at some locations, to receive a particular capacity (or SINR) with a certain quality approaching 100% while at others the quality is lower, at around 97%. The minimum capacity can be found at a reception point which lies on a line between the central hexagon and any one of its six apexes. It is therefore sufficient to consider the coverage along a line between these two points, as shown by the dashed line in figure 2-right.
The point with the minimum capacity will be located at different points along this line depending on the parameters of the simulation such as the ISD and CP. Restricting the analysis to locations along this line would represent a significant simplification.
[image: ]
Figure 1: Hexagonal Network
[image: ]     [image: ]
Figure 2: Identifying the minimum capacity in the MBSFN area. Left: Prediction area. Right: Coverage quality within the prediction area.
In order to correctly receive the PMCH it is first necessary to decode the cell acquisition subframe (CAS). The CP of the CAS is limited to the extended unicast numerology (16µs) while the CP of the PMCH may be considerably longer. At some locations within an MBSFN area it is possible that, due to this disparity, the PMCH may be receivable while the CAS would not. The long CP of the PMCH may adequately protect this signal from echoes with long delays from distant transmitters while the CAS may suffer SFN self-interference, rendering it unreceivable. Both signals must be receivable at each location to ensure proper reception. The analysis above should therefore be done simultaneously for both the PMCH and the CAS to ensure that both signals are available at each location with at least the minimum coverage quality.
Such an assessment may be summarised as shown by Figure 3 where the coverage quality of the PMCH and the CAS has been plotted for a large number of points along the ‘worst point line’ of figure 2.
 [image: ]
Figure 3: Locating the minimum capacity on the “line of minimum capacity” (from 40 km to 80 km from cell center in a hexagon network of use case A. 
Methodology Approach
Monte Carlo simulations may be used to estimate the minimum available spectral efficiency in the three use cases described above in clause 2. 
A region of interest (RoI) is defined comprising locations in the cell suitable to experience the minimum spectral efficiency i.e. the worst reception point.
For i=1:# of points in the RoI
1. Calculate two arrays of values with the field strength of all paths between UE location j and the N transmitter sites in the network for the ITU-R P.1546 model with 50% time percentage (array_50) and 1% time percentage (array_1). 
2. Select the transmitter site with the strongest field strength from array_50 or array_1. This contribution determines the transmitter site toward the receive antenna will point for the simulation (by aligning the 0° towards the site). Note that in case of equal strong paths the selection of the transmitter will be done arbitrarily.
3. Apply the antenna diagram loss to each contribution in array_50 and array_1 according to the relative angular position between the UE location j, the selected transmitter site n and each of the remaining N-1 transmitter sites.
4. Generate N uncorrelated arrays of K log-normal distributed values with 0 dB mean and 5.5 dB standard deviation.
5. Apply the distribution on top of each of the N values in array_50 and array_1. This generates the received field strength for all paths at the receiver antenna input.
6. For each k:
a. Select the strongest of the set of N values in array_50 or array_1 and calculate the relative delay to the N-1 transmitters.
b. Calculate the corresponding w(t) for each of the N transmitters and apply the value to both array_50 and array_1 as follows:
i. For array_50, apply the value w(t,n)*array_50
ii. For array_1, apply the value (1-w(t,n))*array_1
c. Calculate the available SINR as sum{ w(t,n)*array_50}/sum{(1-w(t,n))*array_1 + N}
7. Collect the statistics.
The position in the RoI with the minimum SINR (worst point) is chosen as the final value to determine the coverage.
The RoI may be defined with consideration of sections 5 and 6 above. 
W(t) is the LTE eMBMS delayed signals weighting function as defined in [7].
[bookmark: _Toc449509378]Performance Metric
The Spectral Efficiency that can be achieved with a 95% coverage probability for fixed reception and 99% for mobile are the key metrics that should be used to assess the performance of the candidate numerologies in the use cases defined.
From the network coverage simulations, CDFs of the SINR of the MBSFN at the worst point can be determined. Using these CDFs, the SINR that is achievable with the appropriate coverage probability can be found. 
A suitable lookup table, derived from link level simulations, will be required in order to convert the achievable SINR to MCS and corresponding spectral efficiency. 
Summary
This document has presented three use cases for consideration when evaluating LTE-eMBMS with respect to dedicated terrestrial broadcast networks. It is suggested that the simulation framework established in [3] is suitable for re-use for these purposes. In line with this suggestion the previously defined simulation parameters have been reviewed and updated for discussion. Additional information has then been provided on a methodology which could be used to align directional receiving antennas in the simulations – agreeing an appropriate methodology for this aspect is an important step in establishing the simulation framework necessary for suitable assessments to be made. 
Further background information has also been provided with the intention of performing some of the simulations in an efficient and unambiguous way across all organisations.  
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