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1. summary

We made two observations in [
] for evolved MBMS (“E-MBMS”) macro diversity:

· Macro diversity transmission on the same time-frequency resource can dramatically improve performance over single cell transmission.  Only a few cells are needed to provide performances on the order of 10x better than single cell.

· Macro diverse transmission has diminishing gains as the number of diversity cells increases.

Since a Rel-6 MBMS traffic channel can be transmitted on any number of macro diverse cells, and this behavior can be used to maximize spectral efficiency (in bits/Hz/km2) for both E-UTRA and UTRA we propose to continue to use this localized MBMS transmission in E-UTRA.  

2. simulations and Discussion

In [1], we examined the performance of 1x2 antenna systems in a 5 MHz bandwidth 3 sectored system using an urban macrocellular SCM channel model [
] where users occupy a single served sector (cell).   We examine the same same set of conditions here, but present results that are normalized by the area over which the MBMS service is transmitted.  That is, the data rate is normalized by the number of cells that transmit the service.  In this way, we can more directly show the effect of the increasing the number of transmitting cells to serve the users in a particular cell.  Figure 1 below shows the CDF of 1% normalized capacity delivered from all cells to the UEs in the served cell.  We observe that transmission from a single cell has relatively poor performance (much less than 1 Mbps/cell at 5% outage).  However, when 3 cells transmit, the coverage improves dramatically (about an order of magnitude).  This is predictable, since the additional cells provide more desired signal power as well as delay diversity, and are no longer interference sources.  Unlike the results using the previous metric in [1], we see that the best performance is achieved when about 5 cells transmit, rather than 10 cells.  This is because while higher data rates may be supported, the rate of increase per additional transmitting cell drops such that the throughput per transmitting cell drops.  Therefore, if we look at spectral efficiency in bits/Hz/km2, rather than the acheivable data rate, we see that it is even more important to carefully control the number of transmitting cells.
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Figure 1  Normalized E-MBMS Capacity as a Function of Transmitting Cells

3. Text proposal

We propose to add the following text (shown with change marks below) to section 7.1.1.5 of [
].  The term “SFN” is also added to the abbreviations section, as this term is already used in section 8.1.3:

--begin text proposal---
3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

BS
Base Station

CP
Cyclic Prefix

DL
Downlink

DRX
Discontinuous Reception

DUSP
Switching point from downlink to uplink

E-UTRA
Evolved UTRA

E-UTRAN
Evolved UTRAN

FDD
Frequency Division Duplex

FEC
Forward Error Correction

HARQ
Hybrid Automatic Repeat reQuest

HCR
High Chip Rate

HSDPA
High Speed Downlink Packet Access

IFFT
Inverse Fast Fourier Transform

IOTA
Isotropic Orthogonal Transform Algorithm 

LCR
Low Chip Rate

LTE
Long Term Evolution

MIMO
Multiple Input Multiple Output

OFDM
Orthogonal Frequency Division Multiplexing

OFDMA
Orthogonal Frequency Division Multiple Access

OQAM
Offset QAM

QoS
Quality of Service
PS
Packet Switched

RF
Radio Frequency
SFN
Single Frequency Network
SC-FDMA
Single Carrier – Frequency Division Multiple Access
TDD
Time Division Duplex

UDSP
Switching point from uplink to downlink
UE
User Equipment
UL
Uplink
--end text proposal----

--begin text proposal---

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 reference signal 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 reference signal patterns are used for the transmission from the two cells. 
The impact of the two alternatives on the reference signal 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.   Mechanisms should be supported in E-UTRAN that allow the network to adapt which cells are in an SFN that will transmit an MBMS service that may be soft combined.
--end text proposal----

4. References

5. appendix: simulation and Channel Model assumptions

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	19 Sites, 3 Sectors
	Hexagonal grid

	Simulation type
	Snapshot, 10000 Drops
	1000 Samples per Drop

1% Capacity Tracked per Drop

	Cell radius
	1000 meters
	

	Antenna Pattern
	3 Sector SCM
	Front-to-back-ratio=20dB

Half-power-beamwidth=70( 

	Propagation Model
	SCM System Level [2]

Urban, 8( A.S.
	

	Speed
	Quasi-Static
	Channel is constant during a TTI; fading samples are independent

	Number of FFT Bins
	512
	

	Channel Estimation
	Ideal
	

	Inter-Symbol Interference
	None
	

	Usable Carriers &

 Cyclic Prefix
	Per [3], section 7.1.1
	

	Penetration Loss
	20 dB
	

	Carrier frequency
	2GHz
	

	Node B antenna gain
	14dB
	

	Noise Figure
	9 dB
	

	Cell transmit power 
	20Watts
	

	Antenna Boresight 
	points toward flat side of cell.
	

	Capacity Calculation
	EESM
	

	Interferers
	All cells transmit full power
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