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1 Introduction
MBMS services will be provided also in long-term evolution, and soft combining should be supported for multi-cell broadcast assuming a sufficient degree of inter-Node-B Synchronization [1]. Transmitting the same symbol through the same resource (time and frequency) from multi-cells has been considered basically for multi-cell MBMS services. This achieves energy gain but cannot increase diversity order. In this contribution, we propose to use space-frequency (or space-time) transmit diversity such as Alamouti’s scheme for single antenna each cell in MBMS. For multiple antenna transmission, antenna rotation concept is adopted to obtain diversity within a coding block.
2 Single Antenna Transmission Each Cell
When a UE is located at the border of cells, it receives signals from all neighbouring Node Bs. By applying SFBC (space-frequency block code) (or STBC: space-time block code) it is possible to increase diversity order at the border. SFBC can be applied for two or more multiple antennas, but we explain only the case of two antennas in this contribution since it achieves rate-1 through Alamouti’s scheme and more antennas may make the channel estimation complicated.
All cells are divided into 2 cell groups to apply order-two SFBC. Figure 1 is an example of cell planning for 2 cell groups. A UE receiving signals from both of S0 and S1 can achieve diversity gain as explained in Figure 2.
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Figure 1. Cell planning for 2 cell groups
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Figure 2. SFBC (STBC) with 2 cell groups
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Two cell group division provides diversity gain for UEs at the border of S0 and S1, but boundary UEs of only one cell group cannot obtain diversity gain. Therefore, 3 cell groups are introduced to average diversity gain for all boundary UEs. Figures 3 and 4 illustrate an example of cell planning for 3 cell groups and how to average diversity gain, respectively. Since diversity order is still two, only two different SFBC (STBC) streams are allowed at each time and frequency resource. In Figure 4, the entire resource is divided into 3 sub-regions, and order-two grouping is rotated. Any boundary UE can achieve order-two diversity over 2/3 of its entire symbols. A coding block should cover the rotation of patterns.
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Figure 3. Cell planning for 3 cell groups
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Figure 4. SFBC (STBC) with 3 cell groups
Table 1. Simulation parameters
	Parameters
	Values

	Carriers frequency
	2 GHz

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	OFDM symbol duration
	66.66 us

	OFDM guard interval
	16.67 us

	FFT size
	512

	# of used subcarriers
	300

	# of resources / sub-frame
	300 subcarriers (6 OFDM symbols
= 1800 resources

	# of pilot resources / sub-frame
	150 (300 for 2 antennas)

	# of data resources / sub-frame
	1650 (1500)

	Turbo code (N,K)
	QPSK
	K=1280, N=3300 (3000)

	
	
	Code rate = 0.39 (0.43)


Table 1 summarizes simulation parameters. A sub-frame is used as a coding block, and 150 time-frequency resources (8.3%) are used for single antenna pilot. In this simulation, pilot resources are used only as overhead, and perfect channel estimation is assumed. The major drawback of the proposed SFBC (STBC) is doubled pilot overhead. It consumes 300 resources (16.7%) when an exclusive pilot distribution among cells is adopted. (When pilot patterns of cells are mixed using the same resource, overhead remains the same.) Such pilot occupation can be interpreted as either one pilot every two subcarriers (a pilot in a sub-frame) or two pilots every four subcarriers (two pilots in a sub-frame).
Figures 5 and 6 illustrate simulation results for single antenna transmission each cell in pedestrian-A 3km/h channel and in vehicular-A 60km/h channel, respectively. 2CG and 3CG represent two cell groups and three cell groups. Gains for 3CG are more than 6dB and 4dB for 1% packet error, respectively.
[image: image6.emf]0 1 2 3 4 5 6 7 8 9 10

10

-4

10

-3

10

-2

10

-1

10

0

Average Es/No

PER

Conv.

2CG

3CG


Figure 5. Cell border performance for single antenna in ped-A 3km/h
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Figure 6. Cell border performance for single antenna in veh-A 60km/h
The above results are obtained for UEs at the border where the maximum diversity is obtained. Next results describe performance inside a cell. A UE follows the path from Q0 to Q1 in Figure 7. In Figures 8 and 9, the average Es/No is set to 2dB at the border, and more energy is obtained inside the cell. Results show that the gain of the proposed SFBC is diminished but still exists inside the cell.
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Figure 7. Three cell configuration
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Figure 8. Cell interior performance for single antenna in ped-A 3km/h
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Figure 9. Cell interior performance for single antenna in veh-A 60km/h
3 Multiple Antenna Transmission Each Cell
When more than one antenna exist in a cell, SFBC or STBC may be already used. For macro diversity, each cell transmits the same SFBC streams with the same antenna configuration. To achieve more diversity gain inside a coding block, antenna rotation concept is adopted in this contribution. We consider only two antenna case here. (Two antenna selection either in random or scheduled can be added for systems with more than two antennas.) Figures 10 and 11 illustrate the conventional method and the proposed one, respectively. Each cell transmits in the same way in Figure 10, and the antenna combining combination pattern is rotated to achieve more diversity in a coding block in Figure 11. This method does not increase diversity for a symbol, but gives diversity to a decoded symbol after channel decoding. In addition, this method for two antenna case does not increase pilot overhead even though the proposed method for single antenna may introduce an increase in overhead.
[image: image11.emf]X



X

Tx#1 Tx#2

X



X

Tx#1 Tx#2

X



X

Tx#1 Tx#2


Figure 10. The conventional two antenna transmission
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Figure 11. The proposed two antenna transmission with pattern rotation
Figures 12 and 13 describe simulation results for two antenna transmission each cell in pedestrian-A 3km/h channel and in vehicular-A 60km/h channel, respectively. Gains for 3CG are about 2dB and 1.5dB for 1% packet error, respectively. Gains are less than for single antenna case, but we do not need to consider pilot overhead for two antenna case.
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Figure 12. Cell border performance for two antennas in ped-A 3km/h
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Figure 13. Cell border performance for two antennas in veh-A 60km/h
The next two figures illustrate performance inside a cell. The average Es/No is also set to 2dB at the border.
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Figure 14. Cell interior performance for two antennas in ped-A 3km/h
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Figure 15. Cell interior performance for two antennas in veh-A 60km/h
4 Other Issues
4.1 Antenna Correlation / Antenna Switching
For more than one antenna case, antennas of a cell can be highly correlated especially in a macro cell with a high LOS factor. Then, SFBC or STBC every cell fails to achieve diversity both in the conventional method and in the proposed method of pattern rotation. In such a condition, the proposed macro diversity for single antenna transmission can be more useful, and the antenna can be chosen by antenna switching every cell. This antenna switching gives diversity to UEs at the border, but cannot produce much diversity for UEs inside a cell.
4.2 Virtual Antenna Spreading
When two (one) antenna selection is applied for more than two (one) antennas, transmission power is concentrated on some antennas. To distribute this concentration we can use virtual antennas instead of real antennas. The channels for physical antennas are 
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 and virtual antennas are created as follows:
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The coefficients 
[image: image21.wmf],

ij

w

 are derived using any orthogonal code such as Walsh code or DFT-based sequence. Non-orthogonal code can be used to obtain more virtual antenna channels.

5 Conclusion

In this contribution, we have proposed to apply SFBC or STBC to DL single antenna MBMS. In simulation, it gives much diversity gain with increased pilot overhead. For multiple antenna case, antenna pattern rotation concept has been presented to achieve diversity in a coding block. It produces performance gain without an increase in pilot overhead.
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7.1.1.5
Downlink macro diversity

Fast cell selection is one option for macro-diversity for unicast data. In principle, Intra-Node-B selection should be able to operate on a sub-frame basis while the "speed" of inter-Node-B cell selection will depend on the outcome of discussions on Evolved UTRAN architecture.
An alternative Intra-Node-B macro diversity scheme for unicast is a simultaneous multi-cell transmission with soft-combining. The basic idea of multi-cell transmission is that, instead of avoiding interference at the cell border by means of inter-cell-interference coordination, both cells are used for transmission of the same information to a UE thus reducing inter-cell interference as well as improving the overall available transmit power. Another possibility of intra-Node-B multi-cell transmission is to explore the diversity gain between the cells with space-time processing (e.g. by employing STBC through two cells). Assuming Node-B-controlled scheduling and that fast/tight co-ordination between different Node B is not feasible, multi-cell transmission should be limited to cells belonging to the same Node B
Two alternatives for multi-cell transmission have been proposed,

-
Alternative #1

The same pilot pattern is used for the transmissions from the two cells. In this case, from a UE point-of-view the multi-cell transmission will be identical to a single-cell transmission using a different antenna pattern,

-
Alternative #2

Different pilot patterns are used for the transmission from the two cells.
The impact of the two alternatives on the pilot design and overhead, if any, needs further investigations.

For multi-cell broadcast, soft combining of radio links should be supported, assuming a sufficient degree of inter-Node-B synchronization, at least among a sub-set of Node B’s. More diversity gain in a symbol level can be achieved among cells with space-time processing (e.g. by employing SFBC or STBC through two or more cells) assuming a sufficient degree of synchronization. Additional diversity gain is possible by diversifying diversity channels within a coding block (e.g. by rotating antenna combining combination or by antenna switching every cell).
---------- End of TP ----------
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