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1 Introduction

In recent contributions, MBMS on LTE dedicated carrier is widely discussed. And actually it is the most efficient way for broadcast services, like mobile TV. 
The purpose of this contribution is to discuss several key L1 parameters for this scenario, and some basic principles are given. In order to clarify the influence on system performance resulting from the change of some key parameters, like the sub-carrier spacing, CP length and the OFDM sampling rate, further simulation results will be presented later. 
2 Discussion
2.1 Frequency Offset in OFDM System
As we known, the frequency band of sub-carriers in OFDM system is overlayed each other, so the orthogonality between sub-carriers must be ensured strictly. Compared with a single-carrier system, the OFDM system is more sensitive to the frequency offset. Due to the Doppler frequency shift and the frequency offset between the transmitter and the receiver, the orthogonality among the sub-carriers in OFDM system may be influenced and leads to ICI. So this issue should be considered in the system design of OFDM.
Considering this OFDM feature, we propose that the sub-carrier spacing should be 10KHz or beyond 10KHz in broadcast mode. For example, as references, the sub-carrier frequency spacing is 11.2KHz in 802.16e, 15KHz in LTE, we think that if the sub-carrier spacing is too narrow, due to the inherent sensitivity to the frequency offset in OFDM system, the orthogonality would be destroied, and ICI would be happened. Specially, narrow frequency spacing would be affected by the excursion of crystal oscillator frequency and the inconsistency of crystal oscillator frequency between UEs and BSs.
 For the optimization of the sub-carrier spacing, the following principles should be followed:

1. The sub-carrier spacing should be broad enough to support the low cost UE design and high mobility in E-MBMS, e.g. 300Km/h.

2. The sub-carrier spacing should be designed to maximize the system throughput.
3. The corresponding sampling rate, frame structure of E-MBMS should be compatible to that of LTE uncast to reduce the cost of the joint designing of E-MBMS and LTE unicast in one UE. 
In this section we present some link level simulation results to compare the performance of different sub-carrier spacing. In Figure 1, the simulation results show the capability to mitigate the Doppler frequency shift of different sub-carrier spacing. From the result, we can find when the moving speed is 300km/h, and the corresponding Doppler frequency offset is 540Hz, if the sub-carrier spacing is less than 10KHz, the link performance will be degraded, and BLER will be much higher.  To guarantee the L1 performance, the sub-carrier spacing should be large enough. Further, the smaller sub-carrier spacing leads to higher transmission efficiency when the ratio of the overhead (e.g. pilot, CP length) is kept tha same. To optimize the sub-carrier spacing, the tradeoff among the factor mentioned above should be considered.
Simulation parameters in Figure1 is as following: 

Carrier frequency is 2000MHz; 

Moving speed is 300km/h; 

Doppler frequence offset is 540Hz.
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Figure1：The simulation result of several sub-carrier frequency spacing
2.2 CP length in MBMS dedicated broadcast network
If E-MBMS broadcast service is deployed in a Single Frequency Network (SFN), then all of the cell site transmitters (Node-B) in the network broadcast the same signal at the same time, and there is no system self-interference with this transmission arrangement.From the point of receiver‘s view, Transmitting the same signal from all the cell sites provides the additional benefit in transmit diversity for the receiver, which can change the system from interference limited to be noise-limited condition.
As we known, in SFN, the guard interval is a very important factor. As the guard interval duration is increased, the transmission system will have an augmented robustness to long delay echoes and transmission delays, and having the possibility to deploy wider transmission cells or wide area coverage of broadcast service using an SFN.
On the other hand, CP is also one kind of overheads. Too long CP can not be affordable; what is more, although longer CP can “collect” wider NodeB’s energy to improve the performance, the remote NodeB’s energy is so small that its benefit can not compensate for the overhead. So we should be careful to choose the CP length.
So the following principles should be followed when the CP is optimized:

1. The CP of E-MBMS on dedicated carrier should be longer than that in LTE Unicast, and long enough to obtain the multi-site diversity gain due to transmiting the same signal from neighbouring Node Bs.

2. The CP should not be too long to waste the transmission efficiency in every OFDM symbol.

3. The CP should be long enough to extend the cell radius to 10Km.

[5] did some simulations for choosing a proper CP length for MBMS. From the simulations, we can draw the conclusion that increasing the CP length has limited advantages when CP length is longer 16us (fc=2GHz) or 20us (fc=900MHz).

Although the simulations for MBMS in [5] based on the assumption that cell radius are 1, 2, 3 and 5km, we believe that it is reasonable to extend to the 10km case since less energy can be “collected” from far cells. 

From the statement above, we recommend that the CP length should not be longer than 20us for the dedicated MBMS considering the trade off between performance and overhead.
The final selection on CP length should be a tradeoff between the overhead and the multi-site diversity gain.  
2.3 Consideraton on the Sample frequency in broadcast mode 
In order to maintain the consistency and reusage between LTE MBMS and the dedicated carrier MBMS, and reduce the cost the LTE UE with capability to receive both LTE unicast and dedicated carrier MBMS,  some parameters in the frame structure of MBMS dedicated carrier mode should be the compatible with that in LTE MBMS, especially the sampling rate.
So it is better that the sampling rate in MBMS dedicated carrier mode is the fraction, multiple or the exponent of 2 of that in LTE MBMS; Meantime, the sampling rate is related with other parameters, like the sub-carrier spacing, FFT size, and CP length. And the sampling rate should be within an appropriate range, if the carrier frequency is too high, the number of valid carrier will be reduced, and the overhead of system will be high (when the CP length is given).  
3 Conclusion

In this contribution, we discuss three parameters in MBMS on dedicated carrier. We think that the sub-carrier spacing is a very important L1 parameter, especically when there exist the excursion of crystal oscillator frequency and the inconsistency of crystal oscillator frequency between UEs and Node B. So the sub-carrier spacing should be larger enogh.
Also, we put forward a reasonable CP length for MBMS on dedicated carrier in this contribution, and the sampling rate in MBMS dedicated carrier mode should be the fraction, multiple or the exponent of 2 of that in LTE MBMS.
In order to reduce the cost of LTE MBMS on dedicated carrier, it is very important to coordinate with unicast in physical layer parameters, as well as it is also important to optimise physical parameters on dedicated carrier to gain the optimal spectrum efficiency, so we hope RAN1 can discuss the tradeoff between the cost and the performance of system, and then the appropriate physical parameters will be given.   
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