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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
There is an approved Study Item on LTE-based 5G Terrestrial Broadcast in the RAN#80 meeting [1]. The SI focuses on two objectives, i.e., for the broadcast requirements in TR 38.913, and taking as baseline Rel-14 LTE:
· Identify which of the broadcast requirements in TR 38.913 are relevant for dedicated terrestrial broadcast networks.
· Capture the gap analysis and potential solutions (if needed) to meet the broadcast requirements in a TR.
Our understanding of dedicated terrestrial broadcast networks is the networks on which only broadcast service is provided, e.g., TV services. This contribution discusses the relevant requirements defined in TR 38.913 [2] for dedicated terrestrial broadcast networks and the evaluation methodology.
[bookmark: _Ref525832913][bookmark: _Ref129681832]Requirements analysis
There are 10 requirements for multimedia broadcast/multicast service in TR 38.913 clause 9.1 [2] which are present in the Appendix of this contribution for convenience of discussion. 
After reviewing all the requirements, the following requirements are viewed as relevant:
· Req1: The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
· Req2: 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.
· Req3: The new RAT shall support Multicast/Broadcast services for fixed, portable and mobile UEs. Mobility up to 250 km/h shall be supported.
· Req4: The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.

The techniques based on which the evaluation will be performed are discussed in a companion contribution [3], where it is proposed to base on MBSFN and SC-PTM for evaluation. Inspecting the above four relevant requirements, we can conclude that:
· Whether Req1 can be met by MBSFN and/or SC-PTM can be inspected by RAN2/3 and/or SA2. 
· Req2 basically requires a large cell coverage up to 100 km cell radii in a SFN mode which can enable MBSFN combining but the SFN mode is not necessary for SC-PTM. Req3 requires MBMS services can be received by fixed, portable and mobile UEs of up to 250km/h mobility. Whether Req2 and Req3 can be met by MBSFN and/or SC-PTM needs to be evaluated by simulations. 
· Req4 requires to explore the MIMO techniques to improve capacity and reliability. SC-PTM use PDSCH for transmission which can naturally use MIMO. MBSFN so far in Rel-14 still uses a single antenna port. 

Evaluation methodology for simulation
As analyzed in section 2, there are two requirements for dedicated terrestrial broadcast networks regarding the up to 100km cell radius and the up to 250km/h mobility which need to be evaluated by simulations.
In order to set up appropriate simulations for evaluation, the following sections discuss the evaluation methodology for simulation in details.
Performance Metrics
Generally, the metrics to be used are to verify whether the requirements of up to 250km/h and/or up to 100km cell radius coverage can be met. 
Coverage dominated metric
The maximum mobile velocity can be reached if not 250km/h at the coverage of 100km cell radius. 
Mobility dominated metric
The maximum coverage of cell radius can be reached if not 100km at the mobility of 250km/h. 
Spectral efficiency
If the requirements of 250km/h mobility and 100km coverage can be met simultaneously, spectral efficiency can be evaluated. Note spectral efficiency can be evaluated under the coverage or mobility dominated metric. For spectral efficiency evaluation, there are two options that could be considered: 
· Option 1 [4]:
Evaluate the spectral efficiency of BLER<1% for 95% UEs in the cells where the MBMS service is to be provided. For MBSFN transmission, the overhead of cells without group users and reserved cells around the MBSFN cells need to be considered. No link level simulation is involved in this option. 
· Option 2 [5]:
The spectral efficiency that can be achieved with a 95% coverage probability is the key performance metric that will be used. From the simulations, CDFs of the SINR in the simulation 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.

In addition to the requirements of mobility and coverage that will be evaluated for which the coverage and/or mobility dominated metric could be used, there is no spectral efficiency requirement defined in TR 38.913 [2]. However, high spectral efficiency is in general favored or expected by broadcast operators. Therefore, spectral efficiency shall be one of performance metrics to be used for evaluation. 
Proposal 1: Spectral efficiency is one of performance metrics to be used for evaluation.

Topology
The LPLT (low power low tower) case has been evaluated in Rel-13 [4] and Rel-14 [5], but the HPHT (high power high tower) scenario has not been evaluated in 3GPP. Given TV services providers or operators have lots of high towers deployed and might be interested in the evaluation for high power high tower, both HPHT and LPLT scenarios are suggested to be evaluated. 
Scenarios for evaluation are discussed in a companion contribution [6], where three scenarios, i.e., HPHT with a single site, LPLT with multiple sites, and HPHT with multiple sites are proposed to be used for evaluation. 
For LPLT and HPHT with multiple sites, the topology is cellular layout of 7/19 cell sites and 3 sectors per site [4]. For HPHT with a single site, the topology is cellular layout of 1 site that associates only 1 sector.
Proposal 2: For LPLT and HPHT with multiple sites, the topology is cellular layout of 7/19 cell sites and 3 sectors per site. For HPHT with a single site, the topology is cellular layout of 1 site that associates only 1 sector.

Channel model
Large area coverage is one of the main requirements for this study item, for which evaluation assumptions for extreme long coverage from Table A.2.1-3 of [7] are suitable. Wherein the related assumptions for channel model are listed in Table 1 as below:
[bookmark: _Ref525839968]Table 1: channel model parameters for extreme long coverage in TR 38.802 [7]
	Parameters
	TR 38.802 Extreme Long Range

	LLS
	For link level modelling and simple system-level modelling, use TDL-A and CDL-A with the following delay and angle scaling:
- DS = [100 ns], ASD = [1°], ASA = [30°], ZSD = [0.1°], ZSA = [1°]
- The absolute propagation delay is added to all tap delays



Fast fading channel model
Regarding the fast fading channel model for system level simulation, considering the dedicated broadcast networks usually use high transmitting antenna height for large radii coverage, RMa in TR 36.873 [8] for 3D channel model is to be used for evaluation.
Proposal 3: RMa in TR 36.873 is to be used for the fast fading channel model in system level simulation for evaluation.

Pathloss model
Regarding the pathloss model, there are three options for pathloss model referred from TR 36.873 with LOS and NLOS path [8], TR 38.802 [7], ITU-R P.1546-5 [9], respectively.
Pathloss model of RMa in TR 36.873
The pathloss model of RMa in TR 36.873 is listed in [8]. The maximum applicable distance for LOS path and NLOS path is 10km and 5km, respectively, which are far less than the requirement of up to 100km radii for the dedicated broadcast network to be evaluated.
Pathloss model of extreme long rang in TR 38.802
The pathloss is defined as [7]
	PL = 52.44 + 20*log10(d_km) + 20*log10(fc_MHz),	(1)
where d_km is the distance in km, fc_MHz is the carrier frequency in MHz.
The pathloss of TR 38.802 is 20dB larger than the ideal free-space loss at the same distance. However, for urban and rural scenarios in which there exists more buildings to be evaluated, the pathloss model is too ideal to be used to simulate such the complicate scenarios.
Pathloss model of ITU-R P.1546-5
It describes a method for point-to-area radio propagation predictions for terrestrial services in the frequency range 30MHz to 3000MHz. It is intended for use on tropospheric radio circuits over land paths, sea paths and/or mixed land-sea paths up to 1000km length for effective transmitting antenna heights less than 3000m [9]. 
The model is widely used for interference co-existence evaluation for low frequency in ITU. In addition, the range of transmitting antenna height and the path distance is wide. Therefore, it is more suitable for evaluation for the dedicated broadcast networks.
Proposal 4: Pathloss model of ITU-R P.1546-5 is to be used for evaluation.

UE distribution
There use cases were evaluated in Rel-14 [5], i.e., fixed (rooftop antenna), light indoor portable (handled with integrated antenna) and mobile outdoor (car mounted antenna). The antenna gain and pattern of fixed ends with rooftop antenna is obviously different than that for the other two cases, so that the fixed ends with rooftop antenna can be evaluated separately. 
In addition, for indoor portable and mobile outdoor users, they can be dropped in one scenario with specific proportion and be evaluated together, given they have similar antenna gain. As an example, the proportion of indoor and mobile users is listed in Table 2.
[bookmark: _Ref525912745]Table 2: UE distribution for evaluation
	Rx antenna cases
	UE distribution

	Indoor and in-car antenna
	[50%] indoor (3km/h), [30%] in-car (120km/h), and [20%] in-car (250km/h), randomly and uniformly distributed in cells

	Fixed rooftop antenna
	100% outdoor (0km/h), randomly and uniformly distributed in cells



Proposal 5: The two UE distribution cases summarized in Table 2 can be used for evaluation.

Traffic model 
The service to be provided by the broadcast networks is, e.g., TV service which is transmitted continuously with high resource utilization. Hence, full buffer traffic model can be used to better simulate the above characteristics of such service. In addition, normally full buffer traffic model is assumed to evaluate spectral efficiency. Considering spectral efficiency is proposed to be one performance metric in [6], full buffer traffic model is suggested to be used for evaluation for this study item.
Proposal 6: Full buffer traffic model is to be used for evaluation.

Conclusions
In the contribution, we discussed relevant requirements and evaluation methodology for 5G dedicated terrestrial broadcast networks, which leads to the following proposals:
Proposal 1: Spectral efficiency is one of performance metrics to be used for evaluation.
Proposal 2: For LPLT and HPHT with multiple sites, the topology is cellular layout of 7/19 cell sites and 3 sectors per site. For HPHT with a single site, the topology is cellular layout of 1 site that associates only 1 sector.
Proposal 3: RMa in TR 36.873 is to be used for the fast fading channel model in system level simulation for evaluation.
Proposal 4: Pathloss model of ITU-R P.1546-5 is to be used for evaluation.
Proposal 5: The two UE distribution cases summarized in Table 2 can be used for evaluation.
Proposal 6: Full buffer traffic model is to be used for evaluation.
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Appendix
[bookmark: _Toc489545647]Multimedia Broadcast/Multicast Service [2]
The new RAT shall support existing Multicast/Broadcast services (e.g. download, streaming, group communication, TV, etc.) and new services (e.g. V2X, etc).
The new RAT shall support dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements. 
The new RAT shall support concurrent delivery of both unicast and Multicast/Broadcast services to the users. 
The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
The new RAT shall support static and dynamic resource allocation between Multicast/Broadcast and unicast; the new RAT shall in particular allow support of up to 100% of DL resources for Multicast/Broadcast (100% meaning a dedicated MBMS carrier).
The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
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.
The new RAT shall support Multicast/Broadcast services for fixed, portable and mobile UEs. Mobility up to 250 km/h shall be supported.
The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
The new RAT shall support Multicast/Broadcast services for mMTC devices.

