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1
Introduction

This document identifies the broadcast requirements described in TR 38.913 that are relevant for dedicated terrestrial broadcast networks and for which Rel-14 LTE based eMBMS requires further evaluation, particularly with respect to the delivery of Public Service Broadcaster (PSB) content. Background information, relevant to the identified requirements, has also been provided about typical PSB broadcasting scenarios. A series of observations about the requirements and scenarios have then been made which are intended to inform the development of scenarios and simulation assumptions for the evaluation process.
2
Relevant Next Generation Requirements
The relevant requirements presented in this document from Clause 9.1 TR 38.913 are as follows:

· 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; and

· 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.

In the following clauses, each of these requirements is addressed in turn:
3
Coverage of Large Geographical Areas

3.1 Public Service Broadcaster Terrestrial TV Commitments
Public service broadcasters (PSB) normally have commitments to provide near-universal population coverage. For example, in the United Kingdom the BBC has an agreement with Ofcom, the communications regulator, that it is committed to provide roof-top reception of digital terrestrial television (DTT) to 98.5% of households in rural and urban areas alike.
Observation 1: Public service broadcasters typically have near-universal coverage requirements

3.2 Background Information for Terrestrial Broadcasting Networks
Broadcasters usually fulfil their DTT coverage commitments with networks designed to provide reception to fixed rooftop antennas.  Typically these networks are made up of transmitter stations with a wide spread in values for attributes such as effective transmitting heights, radiated powers and inter-site distances. At one end of the scale a ‘core’ network of main high power high tower (HPHT) stations will normally provide wide area coverage to the majority of the population. These stations will have effective radiated powers (ERP) in the order of 20 to 200kW with masts of around 200m to 300m high. At the other end of the scale, smaller stations, some with ERPs of less than 1W will provide coverage for local deficiencies caused, for example, by local terrain screening. These transmitters typically have masts in the order of 10 to 30m high. In between these two ends of the spectrum, a number of transmitters ranging from below 100W to above 10kW will make up the remainder of the network with masts of variable heights spread over the range of the low and high power transmitters.
Observation 2: HPHT terrestrial broadcast networks are formed of disparate transmitters with a wide range of characteristics including non-uniform ISDs, transmitter heights and radiated powers.

Viewers (particularly at the edge of the coverage area) receive their signals with high-gain, directional fixed rooftop antennas of a single polarisation. These are aligned with transmitter stations providing a combination of their correct regional programme and reliable coverage. Once installed it is desirable for viewers and broadcasters alike to avoid any disruption caused by the need to realign these antennas to another station.
Observation 3: Viewer disruption, caused by the need to realign receiving aerials is of significant concern to PSBs. 

Multiple high definition (HD) programmes are now routinely delivered over these DTT networks. Some European countries for example, have converted all, or a majority of their DTT services to HD. Suitable capacity should be available to deliver a similar number and quality of services. 
Observation 4: HPHT terrestrial broadcast networks routinely deliver multiple HD television services to fixed rooftop reception.
4. Mobility

Another interesting use case for broadcasters is the delivery of audio-visual services to mobile devices with high speed mobility (e.g. up to 250km/hr as set out in the requirements). In line with their existing commitments, seeking near universal geographic coverage of population and roads would be a priority for PSBs, including in urban and rural areas. 
Due to the challenging link budget in mobile environments, a performance similar to the capability of existing digital transmission systems should be sought in this environment. 

Observation 5: Broadcasting audio-visual services to high speed mobile devices (e.g. 250 km/h) with target spectral efficiencies similar to the capability of existing digital broadcasting systems is an interesting use case for PSBs. 

The wide range of audio-visual services that broadcasters deliver calls for the support of different carrier bandwidths including 1.4MHz as they may be sufficient to deliver these services while improving the link budget by reducing thermal noise.

Furthermore, a network topology that includes at least some low power low tower, or cellular network infrastructure (similar to those described in [2]) may be a more appropriate network topology to fulfil the high speed use case. 

Observation 6: A range of carrier bandwidths, including 1.4MHz should also be considered for the high speed use case. 
Observation 7: A network topology that includes at least some low power low tower, or cellular networks may be most appropriate for delivering the high speed use case.
5. Improvements in Capacity and Reliability

5.1 Improvements in capacity

Studies in [3] point to physical layer overheads in LTE eMBMS Rel-14 in the order of 40%. These are made up of the following main parts:

· 20% of the total symbol period is allocated to the CP;
· Around 10% of the carrier bandwidth is used for guard bands;
· More than 10% of the Resource Elements are used for reference signals; and
· One subframe every 40 subframes is used for synchronisation and signalling (i.e. CAS subframe).
It may be possible to improve capacity and spectral efficiency of the system by reducing overheads in these areas:
· Longer active symbol periods relative to CP;
· Reduction in reference signals density; 
· Reduction of the frequency guard bands; and
· Less frequent CAS subframes.

Observation 8: The physical layer overheads in LTE eMBMS Rel-14 are in the order of 40%. Consideration should be given to whether greater capacity could be obtained from reducing these overheads.
In addition, the capacity of the system can be increased by the implementation of multi-antenna (MIMO) techniques with spatial multiplexing which are part of the technical specifications for unicast. In the context of broadcasting applications with receive-only devices, MIMO precoding techniques that do not rely on the specific channel realisations experienced by the users such as open-loop precoding can provide additional performance improvements to the broadcast transmissions.
Observation 9: The use of spatial multiplexing MIMO for LTE eMBMS Rel-14 with open-loop precoding strategies has the potential to increase the system capacity.
5.2 Improvements in reliability

EnTV Studies in Rel-14 [4] [5] [6] investigated the link level performance of the CAS in low power low tower networks with multiple transmitting and receiving antennas. These are not typically found in fixed reception from HPHT networks where transmitting and receiving antennas are of a single polarisation. Ricean single input single output (SISO) channels are more typical of this environment.

Observation 10: The performance of the CAS should be assessed against the HPHT use case in order to ensure that it would adequately support wide area coverage from these networks, particularly with reference to observation 3 above and the long echo delays found in networks with large ISDs. 

Physical layer time interleaving is often used in latest generation broadcasting standards, particularly with respect to efficiently improving their performance in the presence of impulse noise and time varying channels. Consideration should be given to whether this technique could also improve the reliability of eMBMS in dedicated broadcasting networks.

Observation 11: Consideration should be given to whether physical layer time interleaving would usefully improve the reliability of eMBMS in dedicated broadcasting networks.

6. Summary

The following observations were made with regard to the broadcast requirements described in TR 38.913 as relevant for Public Service Broadcasters:
Observation 1: Public service broadcasters typically have near-universal coverage requirements

Observation 2: HPHT terrestrial broadcast networks are formed of disparate transmitters with a wide range of characteristics including non-uniform ISDs, transmitter heights and radiated powers.

Observation 3: Viewer disruption, caused by the need to realign receiving aerials is of significant concern to PSBs. 

Observation 4: HPHT terrestrial broadcast networks routinely deliver multiple HD television services to fixed rooftop reception.

Observation 5: Broadcasting audio-visual services to high speed mobile devices (e.g. 250 km/h) with target spectral efficiencies similar to the capability of existing digital broadcasting systems is an interesting use case for PSBs. 

Observation 6: A range of carrier bandwidths, including 1.4MHz should also be considered for the high speed use case. 

Observation 7: A network topology that includes at least some low power low tower, or cellular networks may be most appropriate for delivering the high speed use case.

Observation 8: The physical layer overheads in LTE eMBMS Rel-14 are in the order of 40%. Consideration should be given to whether greater capacity could be obtained from reducing these overheads.
Observation 9: The use of spatial multiplexing MIMO for LTE eMBMS Rel-14 with open-loop precoding strategies has the potential to increase the system capacity.
Observation 10: The performance of the CAS should be assessed against the HPHT use case in order to ensure that it would adequately support wide area coverage from these networks, particularly with reference to observation 3 above and the long echo delays found in networks with large ISDs. 

Observation 11: Consideration should be given to whether physical layer time interleaving would usefully improve the reliability of eMBMS in dedicated broadcasting networks.

Proposal: The observations above should be incorporated into scenarios and simulation assumptions that should be developed in order to aid the evaluation of Rel-14 LTE based eMBMS with respect to Public Service Broadcasting. 
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