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1 Introduction

In the latest TRs (TR 25.814 [1] and TR 25.913 [2]), the dedicated broadcast carrier is defined as one of the service mode to support dedicated broadcast service such as mobile TV. Considering the different deployment environment the L1 parameters for a dedicated broadcast mode could be different from that of the unicast/MBMS mode (for example FFT size, CP length, etc.). Therefore a number of contributions have proposed [3], [4], [5] that RAN1 further investigate the L1 parameters for a dedicated broadcast carrier mode of service.  It is desired that the introduction of a different L1 parameters should facilitate L1 compatibility to minimise the complexity in UE.

In Cannes meeting, Nortel proposed a basic L1 parameters for dedicated broadcast carrier mode in order to optimised dedicated broadcast service [6]. Same sampling frequency and compatible TTI were assumed. 
In this contribution, we further discuss the optimization of the L1 parameters for dedicated broadcast service and its harmonization with the existing unicast/MBMS L1 parameters. We propose to extend the existing MBMS L1 parameters to cover larger cell sizes with a simple scalable scheme.  We also provide the simulation results of the evaluation of the proposed L1 numerology. 
2 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 extension of the existing broadcast parameters to provide compatibility with existing LTE L1 parameters. These parameters 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 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.  Therefore longer CP is expected. However it is not possible to select the guard time to suit each individual cell size.  To keep the same spectrum efficiency as the exiting MBMS mode when increasing the CP length, we propose to scale up the FFT size and CP size proportionally. 
Figure 1 illustrates the time domain arrangement of the proposed L1 parameters in which the LTE 10 millisecond radio frame is divided into 10 sub‑frames, each of 1 milliseconds duration.  Within each sub‑frame, individual OFDM symbols are transmitted. Table 1 lists a set of suggested compatible system parameters for the L1. These L1 parameters provide a good basis for further study to investigate an efficient LTE Broadcast TV mode for dedicated carriers.
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Figure 1: Compatible framing for TV broadcast system (LTE-B) 
Table 1: Compatible L1 parameters for study for dedicated broadcast mode (LTE-B)
	Mode
	0.5 k mode
	1K mode
	2K mode

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

	FFT size
	512
	1024
	2048

	# of OFDM symbols per slot
	12
	6
	3

	# of samples per symbol
	640
	1280
	2560

	Symbol duration (µs)
	83.33
	166,67
	333.33

	# of prefix samples
	128
	256
	512

	Guard time (µs)
	16.67
	33,33
	66.66

	# of used sub-carriers
	301
	601
	1201

	Sub‑carrier spacing (KHz)
	15
	7,5
	3,75

	Occupied BW (MHz)
	4.5
	4,5
	4,5


3 Simulation evaluations

3.1 Simulation Parameters

	Cyclic prefix length
	0-60 usec (parameter)

	Cell layout
	48 cells, 3 sectors per cell


	Cell radius
	1, 2, 5, 10 km 

	Distance dependent path loss
2-GHz carrier freq.
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	BS transmission power
	43-53 dBm 

	BS antenna gain plus cable loss
	14 dBi

	BS height
	25 - 200 m 

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE height
	1.5 m

	Penetration loss
	10 - 20 dB

	Shadowing standard deviation (correlation between paths) 
	8 dB (0.5)

	Channel model
	GSM Typical Urban (TU) 

	Antenna Pattern
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	Thermal Noise
	-174 dBm/Hz



	Inter-cell synchronization
	Perfect


3.2 Simulation Methodology

1) To simulate the SFN we assume a hexagonal cell distribution, with the UE located uniformly in the center cell surrounded by the 48 closest cells which each have 3 sectors.  The Path Loss parameters (including shadow fading) are generated for each path, and a delay equal to the distance divided by the speed of light is associated with each path.  Also any path with power less than 30 dB less than the largest path is also ignored.  For each path remaining we associate a fast fading TU channel.   Thus for each path p, we have 3 variables, 

2) A Group delay τp equal to the distance to the UE divided by the speed of light.

3) A Shadow fading value PLp.

4) A fast fading channel hp 

Thus the received signal for receiver i is 
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(1)

Because some of these delays will be much larger than the Cyclic Prefix, the affect of ISI must be considered.  To do this we adopt a method very similar to method 2 of [7].  For each delay τp we assign a numerical value representing the percentage that that received path falls within the OFDM symbol.  We define delay 0 to be the beginning of the CP.  The delays can be broken into 4 cases
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Case 1:  If the delay is either greater than the total OFDM symbol length (the CP (TCP) plus the useful symbol length (Tu)) or less than negative the useful symbol length, then the path contributes entirely to the ISI.  

 Case 2: The delay is less than 0 but greater than negative the useful symbol duration. Therefore (Tu +τ)/ Tu of the signal is within the used area and therefore that much of the tap is considered Signal and the rest counted as ISI.

Case 3:  If the delay is less than the CP but still positive then the path counts entirely as received signal.

Case 4:  If the delay is greater than the CP but still less than the total OFDM symbol length then (τ- Tcp)/ Tu of the signal can be used while the rest is ISI.  

Therefore the useful channel can be written as


[image: image7.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

=

å

=

M

p

p

p

p

useful

t

h

h

1

p

)

(

s

)

c(

t

t


(2)

To calculate the SINR we transmit several OFDM symbols over this channel, add thermal noise and consider the last OFDM symbol.  Normal processing of this symbol occurs (i.e. the CP is removed and the remainder is processed with a DFT).  If no ISI, ICI, or thermal noise was present then the received signal for subcarrier k would be
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Where Huseful,k is the DFT of (2), and sk is the transmitted symbol on subcarrier k.  To calculate the SINR we simple calculate the mean square distance between the receive signal and that shown in (3).  Thus the SINR can be written as
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(4)
Note that the overline denotes the average over all the subcarriers.  

By generating many drops the CDF of the SINR can be calculated.  From this we consider the 5th percentile user (i.e. the user with 95% of user with better channels).  We convert this SINR into throughput using the following formula.
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(5)
Tu is the useful signal duration, Tb is the cyclic prefix duration, α=10-0.4 is the “coding gap” representing the expected degradation from the Shannon limit, and the min representing that EVM, Phase noise, and Doppler prevent very high throughputs from being possible.

3.3 Simulation Results
We simulated SFN transmission for Cyclic Prefix sizes ranging between 0 and 66 us, for a variety of transmit antenna heights and powers.  In dense urban and suburban environments, we can see that the optimal CP for each of the modes depends heavily on 3 factors

· the cell size

· the transmit power

· the transmit antenna height
We see in Figure 2 for a low BS height, and low transmit power that the maximal ISD that can be supported is no much larger than 2 km.  In instances where thermal noise is dominant, the affect of different modes and CP length is not very dramatic as can be seen in the ISD of 5 or 10 km.  However when the system becomes interference dominated as seen in the ISD of 1 km, the affect of the different modes becomes more pronounced.   
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Figure 2 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 43 dBm, BS height 25m Dense Urban (10 dB penetration loss)
As the transmit power increases, and BS height becomes larger  we see that the affect of CP size, and mode becomes more pronounced.  Larger ISD’s require larger CP once they receive a certain minimum received power.  This is seen particularly for the 5 and 10 km ISD in Figure 4 and Figure 5. The simulation condition for Figure 6 is similar to that of Figure 6 except that the penetration loss is increased from 10 dB to 20 dB. It can be seen that the throughput degradation for in-door UE.  
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Figure 3 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 46 dBm, BS height 100m Dense Urban (10 dB penetration loss)
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Figure 4 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 49 dBm, BS height 150m Dense Urban (10 dB penetration loss)
[image: image14.emf]0 1 2 3 4 5 6

x 10

-5

0

1

2

3

4

5

6

CP length

Throughput

Transmit Power 53dBm and BS height 200 m, Dense Urban environment

 

 

ISD 1 km

ISD 2 km

ISD 5 km

ISD 10 km

0.5K Mode

1K Mode

2K Mode


Figure 5 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 53 dBm, BS height 200m Dense Urban (10 dB penetration loss)
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Figure 6 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 53 dBm, BS height 200m Dense Urban (20 dB penetration loss)
Table 1: Optimal CP length for different parameters Dense Urban Channel Model ((10 dB penetration loss)
	Optimal CP
	0.5 k mode
	1 k mode
	2 k mode

	1 km ISD
	4-8 us
	4-8 us
	< 4 us

	2 km ISD
	8-16 us
	8-16 us
	4-12 us

	5 km ISD
	20-28 us
	20-34 us
	12-33

	10 km ISD
	33 us
	36 us 
	33 us


The dense urban environment, which is taken from the Hata model, is relatively pessimistic model in that it assumes a large amount of Path loss.  To consider an urban environment we have included the correction factor also in Hata model which effectively adds 12.27 dB at the values we are considering.  This model is closer to the Vehicular model of 802.20 which has being used in several recent submissions.  The general affect of this change is to increase the throughput as well increase the optimal CP length.  We can see that for this channel model ISD of over 10 km can be easily supported at 1 Bits/s/Hz for even moderately high transmit antennas and powers, see Figures 7-10. From Figure 11 we can see that even for in-door UE with 20 dB penetration loss, the cell size as large as 10 km ISD can be supported at 1 Bit/s/Hz.
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Figure 7 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 43 dBm, BS height 25m Suburban (10 dB penetration loss)
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Figure 8 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 46 dBm, BS height 100m Suburban (10 dB penetration loss)
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Figure 9 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 49 dBm, BS height 150m Suburban (10 dB penetration loss)
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Figure 10 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 53 dBm, BS height 200m Suburban (10 dB penetration loss)
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Figure 11 Throughput vs. CP length for different Modes and Cell sizes, Tx Power 53 dBm, BS height 200m Suburban (20 dB penetration loss)
Table 2: Optimal CP length for different parameters Suburban Channel model
	Optimal CP
	0.5 k mode
	1 k mode
	2 k mode

	1 km ISD
	4-8 us
	4-8 us
	< 4 us

	2 km ISD
	8 us
	12 us
	12 us

	5 km ISD
	33- 46 us
	37 -42 us
	28-37 us

	10 km ISD
	37 -42 us
	50-72 us 
	42-60 us


To consider the affect of transmit power on which mode to choose we have show below a comparison of the throughput of different modes for different transmit powers
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Figure 12 Throughput vs. Transmit Power for different modes and ISD 100 m BS height.
[image: image22.emf]35 40 45 50 55 60 65 70 75

0

1

2

3

4

5

6

Transmit Power [dBm]

Throughput

Transmit Power vs Throughput BS height 200 m

 

 

ISD 1 km

ISD 2 km

ISD 5 km

ISD 10 km

0.5K Mode

1K Mode

2K Mode


Figure 13 Throughput vs. Transmit Power for different modes and ISD 200 m BS height.
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Figure 14 Throughput vs. Transmit Power for different modes and ISD 200 m BS height.

As can be seen form Figures 12-14, for small cell sizes the three modes perform identically, this is to be expected as the smallest CP of 0.5k mode is large enough to handle any ISI in small cell sizes.  However for large cells this is no longer true and we begin to see the different methods diverge.  Note that dense urban environment is assumed in Figure 12 to Figure 14.  

4 Conclusion
We have seen in the previous section that significant improvements in throughput can be made by adopting different L1 parameters for a dedicated broadcast carrier mode of service.  The amount of improvement seen depends heavily on the base station height and the amount of transmit power available.
For large cell sizes (ISD > 2 km) the improvement over the base LTE L1 parameter is very significant.  Thus if larger cell sizes are to be utilized it is very important to consider alternate L1 parameters. 
The simulation results show that the proposed L1 parameters extension meets the requirements of the dedicated broadcast service in various deployment scenarios.
5 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 work 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 additional longer cyclic-prefix duration has been discussed previously for further consideration. The longer cyclic prefix should then target multi-cell broadcast scenarios.
Therefore it is proposed that the results presented in this documents are captured in TR25.814 to complement existing results on LTE performance.
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� EMBED Equation.3  ���








� To simplify simulation any channels with power 30 dB smaller than the largest channel was discarded. 
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