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1
Introduction

In R1-1810933 [1], we discuss the requirements for the support of 5G terrestrial broadcast in LTE, outlined in TR 38.913 [2]. We argue that the following two requirements involve system-level and/or link-level simulation work:
Req.7
The new RAT shall make it possible to cover large geographical areas up to the size of an entire country in SFN mode with network synchronization and shall allow cell radii of up to 100 km if required to facilitate that objective. It shall also support local, regional and national broadcast areas.
Req.8
The new RAT shall support Multicast/Broadcast services for fixed, portable and mobile UEs. Mobility up to 250 km/h shall be supported.
In this document, we propose a set of scenarios to simulate and the related simulation parameters. In section 2 we discuss the need to evaluate CAS. In section 3 we discuss the scenarios and simulation parameters for system-level simulations. In section 4, we discuss the scenarios and simulation parameters for link-level simulations. In section 5, we conclude the by presenting the summary. In s 
2
Evaluation of CAS

Cell Acquisition Subframe (CAS) is a new type of subframe associated with the dedicated MBMS carrier. Unlike the rest of the transmission in a dedicated MBMS carrier, the CAS is sent individually from each eNB (i.e., not in MBSFN mode). Dedicated MBMS carrier mode is expected to be deployed for terrestrial broadcast network. The WID [3] specifically requires to "Identify which of the broadcast requirements in TR 38.913 are relevant for dedicated terrestrial broadcast networks." It is therefore necessary to evaluate the performance of CAS as part of the evaluation of the requirements for 5G terrestrial broadcast and to take the evaluation into account when discussing potential enhancements. 

Proposal 1:   
CAS evaluation should be included in the simulations.
In a dedicated MBMS network, it is possible to achieve a CAS single frequency network. This would involve synchronizing all transmitters, setting all physical cell IDs to the same value etc. Such dedicated MBMS network would exhibit the known properties of the MBSFN, including the improved spectral efficiency due to resilience to interference. It is therefore important to evaluate study the CAS SFN in the context of the dedicated MBMS carrier mode and CAS. Practically, CAS SFN simulations would not differ from MBSFN simulations, except that only short CP length values (4.7us and 16.6us) are used.
Proposal 2:   
CAS SFN evaluation should be included in the simulations.
3
System-level simulations
3.1 
Use cases
We propose to focus on the following two use cases for system-level simulations:
Scenario A: Receiver with a fixed rooftop antenna (10m height)

Scenario B: Receiver with an externally mounted car antenna (ground height)

Proposal 3:  Scenario A and Scenario B will be evaluated.
3.2
Simulation parameters
Proposed system parameters are shown in Table 1, Table 2 and Table 3. They are based on the Rel-14 MBMS simulation assumptions in [4].
Tables 1, 2 & 3 provide a summary of the key parameters for the various use cases.
	Parameter
	Values

	ISD
	15km, 
	30km
	60km
	100km
	125km

	BS Power
	46 dBm
	60dBm
	65dBm
	75dBm
	83dBm

	BS antenna height
	30m
	50m
	60m
	300m
	300m

	CPs
	CAS: 4.7 us, 16.6us
MBSFN: [66.6us, 100us, 200us, 300us, 400us, 600us]

	Carrier frequency
	700 MHz 

	Channel BW
	10 MHz

	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)

	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)

	Tx EVM
	8%


Table 1:  General Parameters

	Parameter
	Scenario A
	Scenario B

	Propagation model


	ITU-R P.1546-5

Non-urban

	Signal time probability:
	50% / 1% (serving / interfering)

	Channel type


	TU12 

with Rice Factor 10 dB

(see Note 1) 
	TU12

	Receiving antenna height


	10 m
	1.5m

	Height Loss:

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

	Building penetration loss
	0

	Shadowing standard deviation
	5.5 dB
	8 dB


Table 2:  Channel Characteristics

	Parameter
	Scenario A
	Scenario B

	Receiver noise figure


	6 dB

	Receiver noise bandwidth


	9 MHz

	Receiver antenna 

(gain & pattern)


	13.15 dBi

Discrimination pattern according to 

ITU-R BT.419-3 band IV, V
	3.0 dBi

Non-directional



	Antenna Cable Loss


	4 dB
	0dB

	2-Rx Diversity


	No
	Yes

	Implementation Margin

	1 dB
	1dB

	Body loss at receiver

	0 dB
	0dB

	Rx EVM
	4%


Table 3:  Receiver Characteristics

Proposal 4:  Parameters in Table 1, Table 2 and Table 3 will be used for system-level simulations.
3.3
Receiver antenna alignment

For rooftop scenario, the alignment of the receiving antenna to the transmitter antenna plays important role in the SNR. For broadcast networks with rooftop antennas, it may not always be possible to align the receiver antenna to the strongest transmitter due to the practical issues with re-orienting rooftop antennas and potentially service-related preferences for specific transmitters. It is not obvious how to model these additional considerations specific to broadcast while not evaluating an overly pessimistic scenario due to wrong antenna pointing. One option could be to select a transmitter randomly between the transmitters whose received energy is within X dB of the maximum energy transmitter.
Proposal 5   Receiver antenna alignment based on the signal strength should be adopted. Further discussions are needed on how to account for antenna alignment considerations specific to broadcast networks.
3.4
FFT window setting
With the very high antenna heights, line-of-sight paths from very distant transmitters arriving at the receiver antenna at weak but detectable energy levels are possible. The bulk of the signal energy from closer transmitter may arrive with some delay with respect to the first weak LOS path. In such cases, if the FFT window setting is based on the first detected path, a substantial portion of the signal energy may be left outside window, causing the received SNR to decrease substantially. This should be mitigated, e.g. by using an energy window to set the FFT window. 
Proposal 6:   FFT window should be set with consideration to the possibility of high-energy paths arriving with a delay w.r.t. a weak first path.  
3.5
Determination of serving vs. interfering transmitters
The path loss calculation is performed differently for serving/wanted transmitters vs. interfering transmitters. The serving transmitters use the assumption of the signal exceeding a given value for 50% time vs. 1% of the time for the interferers. It needs to be agreed how to determine the serving vs. interfering transmitters for both the MBSFN and the CAS cases.
For the MBSFN case, the following procedure is proposed:

1. Compute pathlosses assuming all transmitters are serving (50%)
2. Set the start of the FFT window with the computed pathlosses (see section 3.4)
3. Re-compute the path losses for transmitters whose paths are completely outside the CP length as interferers (1%).
For the CAS case, the following procedure is proposed:

1. Compute pathlosses assuming all transmitters are serving (50%)

2. Determine the strongest transmitter

3. Re-compute the path losses for transmitters other than the strongst as interferers (1%)
Proposal 7: Determination of the serving and interfering transmitters should be performed as outlined above.
3.6
Performance Metric

In [4], a performance evaluation metric was based on the following principles:

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 … existing CP, with quasi-stationary receivers in fixed and handheld scenarios, TR034 Table 7 can be used to provide the MCS.  For … new CPs and Scenario B, with high Doppler and reduced subcarrier spacing, then new link level simulations may be required.
Proposal 8: Performance metric as outlined in [4] will be used.
The calculation of the SNR follows the method provided in [5], considering the equalization interval defined in [6].

4
Link-level Simulations

Link-level simulations need to be performed to:

· Evaluate the achievable spectral efficiency for the Scenarios simulated in system-level simulations in view of evaluating the requirement Req.7

· Evaluate the requirement Req.8

The following table shows proposed initial link-level simulation parameters.

	Parameter
	Values

	System BW
	10 MHz

	Carrier frequency
	700 MHz

	Numerology
	Corresponding to CP values of 66.6us, 100us, 200us, 300us, 400us, 600us.

Subcarrier spacing to be selected by proponents 

	Doppler frequency
	1Hz (rooftop antenna), 12Hz (5kmph), 140Hz (60kmph), 240Hz (100kmph)

	Reference signal pattern
	Selected by proponent

	Channel estimation
	Realistic based on RS design

	Channel model
	To be determined from system level evaluations for different ISDs

	Number of Rx antennas at the UE
	1 (rooftop antenna), 2 (mobile/car receiver)

	MCS
	Fixed MCS, selected by proponent


Table 4:  Link-level simulation parameters
Proposal 9:  Parameters in Table 4 will be used for link-level simulations.
5
Conclusion
The following proposals are provided:
Proposal 1:   
CAS evaluation should be included in the simulations.

Proposal 2:  Scenario A and Scenario B described in section 3.1`will be evaluated.

Proposal 3:   
CAS SFN evaluation should be included in the simulations.

Proposal 4:  Parameters in Table 1, Table 2 and Table 3 will be used for system-level simulations.
Proposal 5:   Receiver antenna alignment based on the signal strength should be adopted. Further discussions are neede6 on how to account for antenna alignment considerations specific to broadcast networks.
Proposal 6:   FFT window should be set with consideration to the possibility of high-energy paths arriving with a delay w.r.t. a weak first path, as discussed in section 3.4.  
Proposal 7: Determination of the serving and interfering transmitters should be performed as outlined in section 3.5.
Proposal 8: Performance metric as outlined in [4] will be used.
Proposal 9:  Parameters in Table 4 will be used for link-level simulations.

Proposal 10: The text in sections 2 through 4 will be incorporated into draft TR 36.776.
Appendix – Preliminary system-level simulation results

Figure 1 shows the SNR CDF for MBSFN with ISD of 100 km, different numerologies and fixed rooftop receiver. The users were spread uniformly over the network and the average SNR was computed. The receiver antenna was aligned to the strongest transmitter. Energy window of size CP length/4 was used to set the FFT window (see section 3.4). The remaining parameters were set according to section 3.2. As discussed in section 2, the curves for the small values of CP length (4.7us and 16.6us) would correspond to a dedicated MBMS network in SFN mode (CAS SFN), whereas the curves for the large values of CP length (>16.6us) would correspond to a legacy, mixed carrier MBMS network (MBSFN).  
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Figure 1 – SNR CDF for ISD=100km for MBSFN
The graphs in Figure 1 indicate that the numerology beyond CP length of 200us would be beneficial for large ISDs. 
Figure 2 shows the SNR CDF for dedicated carrier network using CAS (non-SFN). The simulation parameters were the same as in Figure 1.
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Figure 2 – SNR CDF for ISD=100km for CAS (non-SFN)
The preliminary CAS results in Figure 2 seem to indicate that it would be possible to achieve satisfactory SNR for CAS deployments even with large ISDs.  
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