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Agenda Item 5.1   - transmission parameters (broadcast mode)
1 Introduction

Recent contributions to the RAN have requested support for dedicated broadcast services such as mobile TV as an important requirement for future mobile communication networks.  Broadcast service requirements have been added to 25.913 [1].

A number of contributions have proposed [2], [3], [4] that RAN1 further investigate the L1 parameters for a dedicated broadcast carrier mode of service.  This may possibly result in different parameters between a unicast mode and a dedicated broadcast mode (e.g. FFT size, CP length, etc).  Mode differences may also include parameters for such capabilities as time slicing to support sub‑channel reception and to conserve battery life for the UE (i.e. some parameters may be selected to support effective time‑slicing for the dedicated broadcast mode).  The broadcast mode parameters may be used for an optimised dedicated broadcast service and are not intended to be a replacement of the base LTE L1 parameters nor is the broadcast mode intended to preclude use of the base LTE parameters.
The trade-off needs to be considered for harmonisation of parameters among unicast and multicast modes and optimisation of performance for a dedicated broadcast carrier mode.   Alternatives for the OFDM sampling frequency or sub-carrier spacing may need to be considered.  If different parameters are necessary to give the needed level of performance, then there should be compatibility to minimise complexity in the UE.  Consideration should be given to adopting parameters that are most compatible with the general broadcast services to facilitate L1 compatibility and integration and evolution of the TV broadcast services.

The purpose of this contribution is to suggest some basic L1 broadcast mode parameters that may be studied for the support of TV broadcast services for LTE.  These parameters (“LTE-B”) are designed to provide equivalent performance to other broadcast systems and yet still be compatible with the parameters used for the previous LTE unicast studies.
2 Discussion
2.1 Broadcast systems capabilities 
Currently there are a number of commercial digital broadcast systems being configured for mobile TV services.  These systems are well suited to mobile TV and video services.  The services and performance of these systems will set the base benchmarks for additional systems delivering mobile TV services.
Currently many TV broadcast system designs are being operated in a variety of spectrum` bands.  The radio transmission technology however, is frequency band agnostic and may also be used in other bands.  Indeed, for example, systems have recently being also configured at 1.5 GHz for satellite TV broadcast services.  The radio transmission technology may also be appropriate for dedicated broadcast services in spectrum such as the “unpaired” channels.  
Some commercial broadcast system are e.g. operated in  5 MHz. Typical deployment scenarios consider several modes to accommodate differences in terms of propagation environment. 
These systems are typically operated in a Single Frequency Network (SFN) configuration.  Consequently, the system design provides a range of guard intervals from around 10 microseconds to several hundreds of microseconds.  These intervals cover a wide range of coverage area ranges.  This corresponds to propagation range from a few kilometers to 100km in certain cases..  These ranges are typical of wide area TV broadcast services.
The SFN configuration is one of the important factors in achieving the high throughput and excellent coverage characteristic of the broadcast systems.  In the SFN configuration all of the cell site transmitters (Node-B) in the network broadcast the same signal at the same time.  Such a SFN is appropriate for a broadcast service in which the objective is to provide the same programme material to all the receivers (UE) throughout the network.  With this transmission arrangement, there is no system self-interference as all the Node-B are transmitting the same signal.  Transmitting the same signal from all the cell sites provides the additional benefit in transmit diversity for the receiver.  This is equivalent to multi‑station soft‑handover in the traditional mobile environment.  The receivers may always be available for “soft‑handover”. 

Broadcast system designs usually provide a range of guard interval and symbol times.  As the selected guard interval duration is increased, it allows the transmission system to have an augmented robustness to long delay echoes and transmission delays, allowing the possibility to deploy wider transmission cells or wide area coverage of broadcast service using an SFN.

The transmission capacity useful bit rate offered by such TV broadcast system in a 5 MHz channel bandwidth ranges from around 3 Mbit/s (QPSK) to 20 MBit/s (64QAM).   
  A capacity of 16 channels has been suggested as an objective for the dedicated carrier LTE TV Broadcast mode (see [1] section 7.5).
The key L1 parameter to achieve a SFN is the guard time which must be sufficient to accommodate the propagation time amongst a neighbourhood of Node-B (i.e. several cell ranges) and the practical synchronisation accuracy of the network.  Note that the guard interval must accommodate not only the propagation of the radio signal through the “air” across several cell diameters, but also the synchronisation of the Node‑B transmitters and the transport delays of the programme material.  To form a SFN which is seamless across its whole extent, the same L1 parameters are used at all the transmitters.  The guard interval is chosen to accommodate the longest signal delay in any of the areas a receiver may detect multiple signals.

2.2 The current LTE-MBMS capabilities
Previously, the LTE study has considered unicast and multicast scenarios that are derived from the base set of L1 parameters and tailored for unicast mobile performance.  As an example, the studied systems have been shown to be capable of useful bitrates of the order of 7.2 Mbit/s for a code rate of ½ using 16 QAM [5].  This is comparable to the example chosen in sub‑section 2.1 for the TV broadcast systems.  
However, the guard intervals of the systems studied using the base LTE L1 parameters are less than those provided by the broadcast systems.  The “long” 16,67 microsecond guard interval, for example (see table 7.1.1-1. of [5]), is equivalent to a propagation range of only about 5 kilometres. 
This may not be sufficient to accommodate dedicated broadcast transmissions over wide multi-cell areas with a variety of cell sizes and may not be sufficient to deliver future mobile TV services that are of comparable performance with other broadcast services.  
2.3 Suggested LTE-B (Broadcast) mode parameters for L1
In its previous work, the LTE study has considered unicast and broadcast L1 formats that are derived from the base format and tailored for unicast single‑cell mobile performance.  This section illustrates a possible family of parameters to provide compatibility with existing LTE L1 parameters. These are efficient for a dedicated broadcast service and are comparable with broadcast industry formats.  The objective for this parameter set is to provide a sufficient guard time and throughput to support SFN over multiple cells sites characteristic of a cellular system.  The objective is to provide high coverage and sufficient throughput for more than 16 TV channels per 5 MHz channel.
The cellular system deployments include a range of cell sizes from small cells less than a kilometre in extent to areas of tens or more kilometres.  The SFN configuration requires the same signal to be sent from all transmitters in the area.  It is not possible to select the guard time to suit each individual cell size.  The network wide guard time, must thus be long enough to accommodate the signal propagation over the largest self‑propagation area in the network.  The set of parameters proposed here provides a range of guard times that span the possible ranges for a SFN broadcast configuration based on typical cellular site deployments.  Further study for the broadcast service would include review of the best suite of guard times for the broadcast mode of transmission. 
For mobile networks, the transmitters (or their antennas) may be located on hilltops, high towers, buildings or poles at street level.  The cell sizes may range from many tens of kilometres to a few hundred metres.  A transmitter with an antenna height of 30 m, for example, would see an unobstructed horizon at about 19 Km.  In a suburban - urban environment, the receiver may detect signals from multiple sites, some nearby, and some many kilometres away.  The significant signals in the receiver may be delayed by about 10 Km of propagation (i.e. 33 µs).   As an example, with benign propagation conditions and a range of 10 Km, (i.e. exponent of 2.2), a 300 Watt (EIRP) broadcast transmitter would deliver about a ‑72 dBm average signal to the mobile receiver to be combined with local SFN signals from closer transmitters.   
The following Figure 1 illustrates the time domain arrangement of the proposed L1 parameters in which the LTE 10 millisecond radio frame is divided into 4 sub‑frames, each of 2,5 milliseconds duration.  Within each sub‑frame, individual OFDM symbols are transmitted.

Figure 1: Compatible framing for TV broadcast system (LTE-B) 
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The following Table 1 lists a set of suggested compatible system parameters for the L1.
Table 1: Compatible L1 parameters for study for dedicated broadcast mode (LTE-B)
	Mode
	1K mode
	2K mode
	4K mode

	Sampling frequency (MHz)
	7,68 (2*3,84)
	7,68 (2*3,84)
	7,68 (2*3,84)

	FFT size
	1024
	2048
	4096

	# of OFDM symbols per slot
	15
	16
	17
	8
	4

	# of samples per symbol
	1280
	1200
	1130 (x7)

1129(x10)
	2400
	4800

	Symbol duration (µs)
	166,67
	156,25
	147,14 

Or 147,01
	312,5
	625

	# of prefix samples
	256
	176
	106

Or 105
	352
	704

	Guard time (µs)
	33,33
	22,92
	13,80

0r 13,67
	45,83
	91,67

	# of used sub-carriers
	601
	1201
	2401

	Sub‑carrier spacing (KHz)
	7,5
	3,75
	1,875

	Occupied BW (MHz)
	4,5 
	4,5
	4,5


The nominal transmission capacity offered by the proposed system parameters when operated in 5 MHz channel bandwidth is given in the following Table 2.  
Table 2: Useful bitrate (Mbit/s) of study systems using 5 MHz channel (LTE-B)
	Modulation & coding
	1K mode
	2K mode
	4K mode

	
	Option-1
	Option-2
	Option-3
	
	

	QPSK

1/2
	3,6 Mbps
	3,84 Mbps
	4,08 Mbps
	3,84 Mbps
	3,84 Mbps

	QPSK

2/3
	4,8 Mbps
	5,12 Mbps
	5,44 Mbps
	5,12 Mbps
	5,12 Mbps

	16-QAM

1/2
	7,2 Mbps
	7,68 Mbps
	8,16 Mbps
	7,68 Mbps
	7,68 Mbps

	16-QAM

2/3
	9,6 Mbps
	10,24 Mbps
	10,88 Mbps
	10,24 Mbps
	10,24 Mbps

	64-QAM

1/2
	10,8 Mbps
	11,52 Mbps
	12,24 Mbps
	11,52 Mbps
	11,52 Mbps

	64-QAM

2/3
	14,4 Mbps
	15,36 Mbps
	16,32 Mbps
	15,36 Mbps
	15,36 Mbps

	Occupied bandwidth (MHz)
	4,5
	4,5
	4,5


As an example, an LTE-B system operating with an FFT size of 2K would have a guard interval of about 45,83 microseconds, sufficient for 10 Km SFN range, and deliver a throughput of 7,68 Mbit/s to the user.  This is sufficient for 16 TV channels as required [1] and provides a sub‑carrier spacing suitable for mobile operation. For example, the Doppler shift for 145 Km/Hr relative speed is about 270 Hz for a carrier frequency in the 2 GHz band.
These L1 parameters provide a good basis for further study to investigate an efficient LTE Broadcast TV mode for dedicated channels.
3 Conclusion

In the LTE SI, further development is needed for support of dedicated broadcast services, such as TV broadcasts, most efficiently.  In RAN1, the parameter optimization for physical layer should be studied with the possibility to support two LTE modes one for the base unicast/multicast mode and a second dedicated broadcast mode with the minimum of additional complexity in the UE.   The L1 broadcast mode parameters may be chosen to be compatible unicast/multicast mode.
A set of L1 parameters has been provided that exhibit the high performance equivalent to the traditional broadcast systems and which are also compatible with the previous LTE unicast study work.  These broadcast mode parameters may be referred to as “LTE-B”.  
4 Proposal
For the Broadcast mode study phase, a clear concept of LTE L1 with two modes should be developed and reviewed with the objective of meeting the Broadcast TV service requirements set in the TR 25 913.
In furthering the LTE SI for dedicated TV Broadcast services, it is proposed that the set of L1 parameters introduced in this contribution form a basis for the further investigation.  The necessity for supporting anadditional longer cyclic-prefix duration has been discussed previously for further consideration. The longer cyclic prefix should then target multi-cell broadcast scenarios (see [5] sub‑section 7.1.1).
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