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1
Introduction
In 3GPP, Release 6 MBMS [1] has suggested TDD to adopt Timeslot Re-use scheme [2]. However, this scheme will cost triple time resources. To meet requirements of high data-rate and high spectral efficiency from LTE, a new MBMS technique is proposed for MC TD-SCDMA----Macro-Diversity Combing in the Same Timeslot. 

In this document, a new proposal is discussed and compared the performance with the present one.
2
Discussion

2.1
Executive Summary
The spectral efficiency of Release 6 FDD MBMS ranges only from 0.02 bps/Hz to 0.2 bps/Hz [3].  Timeslot reuse scheme may lead to wasting the time resources. According to [3], future channel structure of [E]-MBMS should be flexible deployed TDM and unpaired spectrum to improve the spectral efficiency. TDD has its inherent advantages to meet these requirements of LTE on MBMS. Outage-constrained MBMS services can benefit from Macro-Diversity Combing in the Same Timeslot, and system efficiency can be improved significantly. Additionally, by deploying other services into different timeslots, interference to MBMS will be further reduced. A joint detecting TDD receiver is assumed in the following discussion.

2.2 System Architecture 

After introducing MBMS, increasing the power of simulcast signal under intra-frequency situation will cause heavy influence on the neighboring cells. In order to avoid interference causing by MBMS, it should sacrifice some system capacity. For example, deploying timeslots for MBMS will limit the wireless resources of the neighboring cells. According to the characteristic of MBMS, all cells transmit the same data, and it is not as other useless interference. Therefore, Macro-Diversity Combing in the Same Timeslot can make fully use of the above characteristic, and by dispatching, all neighboring cells transmit the same MBMS on the same timeslot. UE can use Joint Detection (JD) to exploit Macro-diversity; that is, it will greatly improve the performance by physical combining which takes signals of the neighboring cells as useful signals, not as the useless. Meanwhile, using the same timeslot among the adjacent cells will eliminate the interference to the other timeslots’ service. Concentrated deploying MBMS resources for the adjacent cells will also improve the system resources efficiency.  
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Figure1 MBMS Macro-Diversity Combing in the Same Timeslot
2.3 Simulation Results

2.3.1 Link Performance Comparison
This simulation is mainly investigating the performance of the present MBMS scheme without using Macro-Diversity if intra-frequency neighboring cells transmit MBMS or other services on the same timeslot, and when using Macro-Diversity Combing scheme. Figure 2 illustrates different cases of performance. The parameters of the model considered are as following.

	Parameter
	Value
	Comments

	Cell_Num_Tx
	1 or 2
	Cell number at transmitter

	Cell_Num_Rx
	1 or 2
	Cell number for detection at receiver,

	Local_Cell_Index
	1（fix）
	Local cell index among all cells for detection

	Cell1_UE_Num
	1
	UE number in cell 1

	Cell2_UE_Num
	0
	UE number in cell 2

	Local_UE_Index
	1
	UE index among all UEs for detection in local cell 

	Mode
	Default
	Allocation mode for midamble  

	Kcell1
	8
	Kcell for cell 1

	Kcell2
	8
	Kcell for cell 2

	Basicmid_Index1
	0
	basic midamble index for cell 1，value=0~127

	Basicmid_Index2
	51
	basic midamble index for cell 2，value=0~127

	Channel estimation
	Ideal channel estimation
	

	JD algorithm 
	MMSE
	

	Noise estimation
	Measurement for one cell receiver

Ideal for multi-cell receiver
	

	Active detection
	Ideal
	

	Cell2_Delay
	0，4chips
	Signal delay between cell 2 and local cell

	C/I(dB)
	-16dB ~ 16dB
	Local cell and neighboring cell transmit power ratio

	Ec/N0(dB)
	10dB
	Signal and noise power ratio

	Propagation conditions
	Case3 30kph
	Assumed channel condition
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Figure2    Diversity combining performance
Note : 1.In the figure, the abscissa axis of curves2－7 is code channel power ratio between cell 1 and cell 2，the abscissa axis of curve 1 is Ec/N0.
        2. Local cell uses one timeslot, one code channel, and spread factor is 1.

Illustrating all curves as follows:

· 1 cell TX, 1 cell RX, 1TS, SF1 1 code：one cell transmits MBMS and one cell receiver ; local cell uses one timeslot, SF1 and 1 code channel；no neighboring cell interference;
· 2 cell TX, 1 cell RX, SF1 1code + SF16 1code interf.：one cell transmits MBMS, neighboring cell transmits other information, and one cell receiver; local cell uses one timeslot, SF1 and 1 code channel; neighboring cell interference is from one code channel, SF16;
· 2 cell TX, 1 cell RX, SF1 1code + SF16 2codes interf..：one cell transmits MBMS, neighboring cell transmits other information, and one cell receiver; local cell uses one timeslot, SF1 and 1 code channel; neighboring cell interference is from two code channels, SF16;
· 2 cell TX, 1 cell RX, SF1 1code + SF16 8code interf.：one cell transmits MBMS, neighboring cell transmits other information, and one cell receiver; local cell uses one timeslot, SF1 and 1 code channel; neighboring cell interference is from eight code channels, SF16;
· 2 cell TX, 1 cell RX, SF1 1code + SF1 1code interf.：one cell transmits MBMS, neighboring cell transmits other information, and one cell receiver; local cell uses one timeslot, SF1 and 1 code channel; neighboring cell interference is from one code channel, SF1;
· 2 cell TX, 2 cell RX, 1TS, SF1 1 codes, Combine b：two cells transmit MBMS, and two cell receiver; macro-diversity combining; each cell uses one timeslot, SF1 and 1 code channel;
· 2 cell TX, 2 cell RX, 1TS, SF1 1 codes, Combine b, Cell 2 Delay 4 chip：two cells transmit MBMS, and two cell receiver; macro-diversity combining; each cell uses one timeslot, SF1 and 1 code channel; signal delay between cell 2 and local cell is 4 chips.
The simulation results show that, when using the present scheme, the performance will be deteriorated when neighboring cells are using some code channels to transmit information on the same timeslot. It means that neighboring cells have to be idle on the same timeslot for the scheme without Macro Diversity Combining.

When adopting Macro-Diversity Combining scheme, because signals from neighboring cells have also been included into Joint Detection, receiver performance has been improved greatly. Additionally from the above plot, it is obvious that the curve of Macro-Diversity Combining is very flat, illustrating that whether UE is at the edge of cell or near the station, performance will not be changed greatly. It will be further analyzed on the system performance.  

From the above figure, macro-diversity combining has more than 3dB gain compared with 1 cell TX & 1 cell RX. The gain gap comes from two parts: 3dB is from diversity benefit to gauss noise; the rest is that channel diversity combines independent fading to compensate fading effect.  

2.3.2 Analysis of System Performance 

System performance can be analyzed from the following three aspects:

· System resources efficiency: New scheme only needs one timeslot, while the original one needs three timeslots. It is clear that time resources efficiency has been improved nearly triple times.

· System coverage: Because of adopting multi-cell combing technique, macro-diversity will bring about more than 3dB diversity gain to those UEs at the edge of cells. (Actually, when the num of cell is over 2 for macro combing, diversity gain will be greatly more than 3 dB). As a result, system coverage will be increased. 
· From the simulation curves, it is obvious that for one cell detection, C/I will gradually decrease as UE is moving to the cell edge. It is because that MBMS do not adopt power control and smart antenna. Base station need to use relatively high transmit power for the ability of cell edge coverage. While using Macro-Diversity Combining technique, the detection performance of UE will almost not change with the change of power ratio between the local cell and neighboring cells; as a result, transmit power will be decreased. Meanwhile network layout will become easy. Macro-Diversity Combining has reciprocity characteristic when embedded into local cell or neighboring cells; so it will not worsen QoS, as a result, handover requirement is reduced.        

3
Conclusions
Based on the above analyzing，this Macro-Diversity Combining technique can provide the following potential benefits for MBMS services:

· Cell edge performance is greatly improved.

· Timeslot re-use factor can be reduced to 1.

· Handover requirement is lowered by making use of reciprocity characteristic of Macro-Diversity Combining. 

So it is proposed that this new technique be further considered in MC TD-SCDMA for [E]-MBMS. 
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