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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 a service mode which supports dedicated broadcast service such as mobile TV.  This mode should not be constrained to have the same L1 parameters as the combined unicast/MBMS mode, and indeed has very different optimization objectives.  Therefore a number of contributions, [3], [4], [5], have proposed that RAN1 further investigate the L1 parameters for a dedicated broadcast carrier mode of service .
When the MBMS data is transmitted on a separate carrier a true Single Frequency Network (SFN) can be implemented.  This means that power received from neighbouring cells can be used as signal rather than interference, and the network becomes noise limited rather than interference limited.  This in turn allows for larger cell sizes to be supported.  

Consideration for MBMS transmission has being focused on the dense urban environment with relatively small cell sizes (1-2 km ISD) under the assumption that the same cell site will be shared by the broadcast and the unicast (same output power and the same antenna height) .  It has being shown in [6]

 REF _Ref149722809 \r \h 
[7]

 REF _Ref145922093 \r \h 
[8] that very high throughput rates (3-5 bps/Hz) can be supported using SFN in these environments using the existing long CP.  
However there are some scenarios where the larger cell size (5-10 km ISD) can be supported, for example when it is allowed to increase the transmit power and the antenna height. And even with the similar transmit power and the cell site the cell size can be increased when in the lower spectrum band and in the outdoor suburban environment.
In order to support these large cell sizes the increased delay from neighbouring cells must be dealt with.  Simply increasing the CP length would lead to unacceptable overhead.  One contribution [8] proposed extending the existing MBMS L1 parameters by adding 1k, 2k  mode with increased FFT size, and hence the OFDM symbol length, by a factor of two and four  respectively, while maintaining a constant sampling frequency.  Because the sampling frequency and TTI size are maintained, the impact on UE complexity is low.  Note that this extension has no impact on the regular unicast environment. In [8] simulation results for the proposed methodology were also presented, with significant gains observed for large cell sizes and high transmit powers. 
The reduction of CP overhead with the increase of FFT size makes the system more vulnerable to Doppler .  This contribution investigates the impact of Doppler on these proposed modes.  We conclude that the effect of mobility on the 1k mode is negligible, and while mobility impacts 64QAM performance for the 2k mode, for large cell sizes and high transmit powers the overall performance is still superior to 0.5k, even at high mobility. 

2 Suggested LTE-B (Broadcast) mode parameters for L1
The L1 parameters considered in this contribution are listed in Table 1 below.  These parameters are efficient for a dedicated broadcast service and are comparable with broadcast industry design.  The objective for this parameter set is to provide a sufficient guard time and throughput to support SFN with large cell sizes. 
The cellular system deployments include a range of cell sizes from small cells less than a kilometre across to large cells ten or more kilometres across. The SFN configuration requires the same signal to be sent from all transmitters in the area.  Therefore a longer CP is required to overcome the increased delay spread. 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.   It should be emphasized that the 4 k mode is envisioned only for a low frequency spectrum (900 MHz) and for very large cell sizes (>10km ISD)
Table 1: Compatible L1 parameters for study for dedicated broadcast mode (LTE-B)
	Mode
	0.5 k 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)
	7,68 (2*3,84)

	FFT size
	512
	1024
	2048
	4096

	Slot duration (ms)
	1
	1
	1
	2.5
	4
	5


	# of OFDM symbols per slot
	6
	6
	3
	4
	7
	9

	# of samples per symbol
	640
	1280
	2560
	4800
	4392 (1st symbol)

4388 (2nd symbol)
	4272 (1st symbol)

4266 (2nd-9th symbol)

	Symbol duration (us)
	83.33
	166,67
	333.33
	625
	571.88 (1st symbol)

571.35 (2nd symbol)
	556.25 (1st symbol)

555.47 (2nd-9th symbol)

	# of prefix samples
	128
	256
	512
	704
	296 (1st symbol)

292 (2nd symbol)
	176 (1st symbol)

170 (2nd-9th symbol)

	Guard time (µs)
	16.67
	33,33
	66.66
	91.67
	38.54 (1st symbol)

38.02 (2nd symbol)
	22.92 (1st symbol)

22.14 (2nd-9th symbol)

	# of used sub-carriers
	301
	601
	1201
	2401

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


*Can be applied to low frequency spectrum or very large cell size (ISD>10km)

3 Performance of New modes

The performance of these additional modes can be seen in Figure 1 below.  It can be seen that the benefits of the larger modes do not occur until large cell sizes are considered (5, 10 km ISD).  This is because the CP size of the normal long prefix is large enough to capture the delays from the neighbouring cells.  However for these large cells the new modes allow for much higher throughput values.  Note that the 4k mode has not been simulated for 1 or 2 km ISD.
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Figure 1: Throughput vs. Transmit power for 4 modes at 3 km/h in a Dense Urban Environment
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Figure 2: Throughput vs. Transmit power for 4 modes at 3 km/h in a Suburban Environment

It should be mentioned that the transmit power listed above is for 2 GHz carrier frequency.  Operation at 900 MHz would have 11 dB less propagation loss (considering the Hata Model).
4 Effect of Mobility

The improved robustness to delay spread comes at the cost of increased vulnerability to Doppler.  As the OFDM symbol gets longer and the sub-carrier spacing gets smaller the affect of Doppler shifts and Doppler spread becomes greater.  This section considers how much mobility is lost in these new modes.  
In an OFDM system orthogonality between the sub-carriers is maintained using the FFT transform.  This converts a frequency symbol into a series of time domain samples, which are then transmitted across the channel.  If this channel remains constant over the OFDM symbol duration then orthogonality is maintained.  However if the channel changes during transmission, so that the different time domain samples experience different channels then orthogonality is lost and a symbol on one frequency sub-carrier can also be seen on many nearby sub-carriers.  

To simulate this phenomenon we have used the GSM TU channel using [11] to generate the time variations.  The OFDM symbol was broken into K consecutive pieces.  The channel was assumed to not change during these K pieces.  For each piece a new channel impulse response was calculated, and convolved with the generated OFDM symbol piece.  The K responses were then combined with appropriate delays applied.  It was determined that for velocities up to 300 km/h, a value of K=10 captures all of the relevant statistical information.  

4.1 Link Level Performance

The three modes were simulated in a link level simulator, which used AWGN and the GSM TU channel model being used.  Perfect knowledge of CSI (Channel State Information) was assumed.  The three sets of curves in Figure 3 through Figure 5, are for MCS sets QPSK Rate 1/3, QPSK 2/3, 16QAM Rate 1/2, and 64 QAM Rate 2/3.  

[image: image3.emf]-5 0 5 10 15 20

10

-4

10

-3

10

-2

10

-1

10

0

SNR [dB]

BLER

GSM TU 3km/h, Perfect CSI

 

 

0.5 k Mode

1 k Mode

2 k Mode

64 QAM

Rate 2/3

16 QAM

Rate 1/2

QPSK

Rate 2/3

QPSK

Rate 1/3


Figure 3: Link Level curves for the 3 modes, over TU3
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Figure 4: Link Level curves for the 3 modes, over TU120
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Figure 5: Link Level curves for the 3 modes, over TU300
It can be seen that for the 1k mode there is negligible performance loss even for very high speed UEs. For the 2 k mode the performance degradation is marginal for QPSK and 16 QAM but significant for 64 QAM at very high speed.  However as high velocity users are more likely to have favourable path loss channels and the error floor is at 0.01 BLER, for the most common scenarios, the extended modes can support very high speed mobiles. 
4.2 UE throughput performance at the cell edge in a dedicated broadcast system
Finally we also consider the affect of velocity on the performance of a cell.  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 to the UE divided by the speed of light is associated with each path.  Thus for each path p, we have 3 variables, 

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

2) A Path Loss Value sp which includes shadow fading.

3) A fast fading channel hp 

Thus the received signal for receiver i is
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Note that any path with power less than 30 dB less than the largest path is ignored for complexity reasons.
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 [12].  For each delay τp we assign a numerical value representing the percentage that a given  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
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(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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Note that the overline denotes the average over all the subcarriers.
Thus by simulating enough drops a CDF for the SINR of the UE can be calculated.  From the CDF we can determine the SINR of the 5th percentile user (i.e. the user with 95% of users with better channels).  We convert this SINR into throughput using the following formula.
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Tu is the useful signal duration, Tb is the cyclic prefix duration, and α=10-0.4 is the “coding gap” representing the expected degradation from the Shannon limit. Note that throughput is capped at 6bps/Hz.  The path loss and group delay were generated using the following parameters 
Table 2 Parameter for SFN

	ISD
	2 km 

	Distance dependent path loss
2-GHz carrier freq.
	132.2 +32.6log10(d/1000)
(Urban Hata Model 100 m antenna height)

	BS transmission power
	43-53 dBm 

	BS antenna gain plus cable loss
	14 dBi

	BS height
	75 m 

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	UE height
	1.5 m

	Penetration loss
	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


Using the method explained in above the throughput at the 95th percentile was calculated for the various velocities with ICI generated by mobility calculated in the same manor as ISI due to insufficient Cyclic prefix.  Results are shown in Figure 6 to Figure 8.
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Figure 6: Throughput vs. Velocity for Various Powers ISD 2 km 
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Figure 7: Throughput vs. Velocity for Various Powers ISD 5 km
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Figure 8: Throughput vs. Velocity for Various Powers ISD 10 km

4.2.1 Observations
For 2km ISD we see in Figure 6, we see very little gain for the enhanced modes because the CP for the 0.5 k mode is sufficient for this cell size.  However we also see almost no loss due to mobility for the 1k mode, and only a 30% loss for the 2k mode, assuming all users travel at 350 km/h. 

For 5km ISD we see the benefits of the extended modes.  The 1k and 2k modes clearly outperform the 0.5 k mode, even at very high velocities.  For these cells sizes the CP for the 1k mode is sufficient to capture the incoming signals.  Once again the 1k mode is only slightly affected by mobility with good performance even at 350 km/h while the 2k mode throughput losses were 38% when all users are travelling at 350 km/h compared to its maximum near 60 km/h.   

For 10 km ISD the 0.5 k mode becomes ISI limited at a throughput of 1.5 bits/s/Hz.  At this extreme cell size the 2k mode has the best performance even with UE velocity of 350 km/h as even the 1 k mode’s CP size is not sufficient.  The affect of mobility on the various modes is similar to the 5 km ISD with the 1k mode showing very little degradation due to mobility, and the 2 k mode at most 24 % throughput degradation due to mobility.  

5 Conclusions

In order for large cell sizes to be supported with high throughput, additional L1 parameters must be used.  Three new sets of L1 parameters were presented here, with the intention that they would have minimal impact on UE complexity.  These modes were shown to have superior performance in large cells with throughput gains of several bps/Hz.  

They were also shown to have acceptable resiliency to mobility.  We can see this in the link level curves which show that the 1k mode can support 64 QAM for velocities up to 300 km/h and the 2k mode can support 16 QAM modulation for velocities up to 300 km/h.  
Network simulations show that the benefits from the increased CP size outweigh the loss due to mobility and the 1 and 2 k modes outperform the base 0.5 k mode for large cell sizes even at high mobility.  
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