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1 Introduction
Recently the discussion and investigation about LTE MBMS are mainly concentrated on dedicated MBMS carrier. In dedicated MBMS carrier mode, in order to make cell coverage larger, the extended longer CP length is needed. From the last meeting in Riga, several contributions have demonstrated that the long CP length of 33.33us is necessary for larger dedicated MBMS cell. But in RAN#34 plenary meeting, an investigation on if the CP length of 33.33us for the dedicated MBMS carrier mode is necessary to MBMS on shared carrier is requested to take. In this document, we put some observations on this issue.

2 Discussion

In our contribution, we think MBMS service mainly focuses on the dense urban scenario and is deployed on 2Ghz carrier frequency shared with unicast service, so we do some simulations on the condition of 43dbm transmit power and small cell radius, that is, the cell radius is 1km.

2.1 Simulation Methodology

In our simulation platform, the locations of UEs in every cell are random and independent, and assigned according to area of network deployment.

2.1.1 Path loss in dense urban environment

The path-loss formula in dense urban environment is as follows:
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is the height of base-station,
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 is the height of mobile equipment，
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is carrier frequency，unit is Mhz，d is the distance between UE and BS, C is a constant, 3dB in urban macro-cell。

2.1.2 Calculation of SINR

From the point of view of deploying MBMS on same frequency band in SFN, which is different from unicast service, the signals coming from adjacent cells working on same frequency band are not totally interference signals. According to the transmission character of OFDM, some signals satisfying the delay requirement can be considered as useful signals, and no ISI happens. So the distinguishing rule between useful cells and interference cells is based on the comparison between the CP length and the delay of BS’ signals to UE. 

Here the calculating formula of absolute delay is as follows: 
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C is the speed of light, 
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 is the distance between UE and BSs.

According the order of the absolute delay of every BS to UE, we define the cell as the serving cell of UE for 

which the absolute delay to UE is shortest. The 
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is the difference of the delay between other 19 cells to UE and 

serving cell to UE. Comparing every 
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 with CP value, if 
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is larger than CP value, then the cell is useful cell, or 

else the interference cell. 

To calculate the signal power and interference power on UE, according to 
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, we can consider the received power coming from BSs for which 
[image: image11.wmf]t

 is larger than CP duration as interference power. The received power coming from BSs for which 
[image: image12.wmf]t

 is smaller than CP duration will be used to calculate combining power of each sub-carrier in frequency domain.

In our simulation, SCM model based on 3GPP TR 25.996 is established. With the SCM model, Multi-path signal response on each pair of antenna will be obtained on UE, including the delay of each multi-path, power proportion of each path, etc.

The calculating rule of interference signal is as follows:
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In above formula, 
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 is the relative delay between first-path signal and every path signal of all BSs to UE.
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Here 2 Tx and 2 Rx are used, 4 frequency domain response values will be produced. The matrix H in frequency domain is: 
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Here Transmit Diversity is used by 2 Tx antenna, and maximal ratio combination is adopted by UE, the 

calculation of  SINR is as follows:
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2.2 Simulation Assumptions

In environment deployment, we think that on shared carrier mode, the cell site and base-station transmission power is the same as the unicast’s. The simulation assumptions are as follows:

System simulation parameters

	Parameter
	Value

	Carrier frequency
	2GHz

	Bandwidth
	5Mhz

	Noise figure
	9dB

	Channel model
	SCM

	Number of transmit antennas
	2

	Number of receive antennas
	2

	Layout
	Hexagonal grid,19 cells,3 sectors per cell

	Shadow fading standard deviation
	8dB

	Penetration loss
	20dB

	BS antenna gain
	14dBi

	UE antenna gain
	0dBi

	UE height
	1.5m

	UE speed
	30Km/h

	Number of Terminals
	1500

	Thermal Noise
	-174dBm/Hz


2.3 Simulation Result for Different CP length Under Synchronization Scenario
Here we present the simulation results under the scenario of 1km cell radius and 43dbm transmission power with 50m and 100m base-station height. In the figure1 and figure 2, there are also two curves under the condition of  46dbm and 49dbm of transmission power. These curves demonstrate the influence degree of BS height and transmit power to system coverage.
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Figure1: Cell Synchronization, QPSK1/2
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Figure2: Cell Synchronization, QPSK1/2
Figure1 and figure2 show that there is no evident gain in system coverage on the deployment of 1km cell radius. Because the cell radius is small, multi-paths signals basically entirely enter the scope of CP guarantee interval, especially in extended long CP length situation. So extended long CP length is not necessary for small cell radius scenario. But from the figure1 and 2, we also see that increasing the height of BS can get more gain than increasing the transmission power of BS. 

2.4 Simulation Result for Different CP length under Semi-synchronization and Asynchronism Scenario
Semi-synchronization means that the time difference of synchronization between BSs is half of a CP length, and asynchronism means that the time difference of synchronization between BSs is a CP length. The synchronization between BSs will directly affect the SINR of UE, because in MBMS service, transmission diversity is an important factor for QOS of channel, especially for UEs at the edge of cell. Synchronization between servicing BS and adjacent BSs will decide if the multi-path signals are useful signals to UE. So in the situation of semi-synchronization and asynchronism, the delay between servicing BS and adjacent BSs will spread, the signal quality on UE will degrade. Below figures show some simulations results under Semi-synchronization and asynchronism scenarios.
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Figure3: Synchronization and Semi-synchronization，QPSK1/2

Figure3 shows that in the network deployment of synchronization and semi-synchronization situation, the CDF curves for different CP length (16.67us and 33.3us) are almost superposable, that means, different CP length in the semi-synchronization and small cell radius scenario will not affect the coverage of system, that is because the delay between adjacent signals and serving signal are small, most of multi-path signals belong to the scope of guarantee interval of CP length, so SINR in semi-synchronization situation is similar as that of the situation of synchronization.
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Figure4: semi-synchronization and asynchronism, QPSK1/2

Figure 4 shows that comparing with the results in semi-synchronization situation, the degradation of signal quality will happen in asynchronism situation, and this will result to shrink the system coverage. This is because in the situation of asynchronism, more multi-path signals are out of the CP length interval. But for the different CP length of 16.67us and 33.33us, either semi-synchronization or asynchronism we don’t see the apparent difference on system coverage.
3 Conclusion

From the simulation results presented above, we see the following results:

In the deployment of small cell radius and 43dbm transmit power, extended long CP length (33.33us) will not bring evident benefit in system coverage, and will not improve the performance of system under semi-synchronization and asynchronism scenarios.

So in the network deployment of dense urban macro-cell and 2Ghz carrier frequency, if MBMS is considered to deploy on a carrier shared with unicast service, from the observation of simulation, 16.67us CP length is enough. But in other scenarios, for instance, in the rural and suburban, and even lower carrier frequency, more investigations are needed.

4 References
1  3GPP TR 25.996 “Spatial channel model for Multiple Input Multiple Output simulations”,2003.9
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