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1. Introduction 
Beamforming techniques based on co-operation between cells have been proposed for LTE-A e.g. [1],[2]. This document presents some simulation results showing the achievable performance in a typical cellular configuration. 

We can distinguish some scenarios of particular interest:- 

· Single site with multiple cells

· Conventional sectored cell arrangement

· Most likely controlled by one eNB
· Minimal changes to network signalling specifications
· Multiple cell sites 

· may be controlled by different eNBs, 
· Network specification needed to support co-operation

· for some scenarios e.g. fibre radio, may be controlled by the same eNB
 This document considers the case of a single site supporting multiple cells. 
2. Single site scenario
In a typical conventional 3-sectored cell arrangement, each cell is supported by one or more directional antennas. In the simple case of one antenna per cell each cell can support a maximum of one user per frequency-domain resource (as shown in Figure 1). A user on the border between two cells will experience interference from the adjacent cell transmission.

[image: image1.emf]
Figure1: No inter-cell co-operation, conventional fixed antenna radiation pattern per cell

If the all the antennas on the same site are considered as a set of a combined transmission resources which can support MU-MIMO, then multiple antennas can cooperate in transmitting to a single terminal. For example, beamforming can be implemented by applying a precoded signal to each antenna, where the precoding is designed for the set of scheduled users in all the participating cells. In principle the number of users can be up to the number of antennas. In the example shown in Figure 2, only two users have been selected.  


[image: image2.emf]
Figure 2: Inter-cell co-operation, co-operative beamforming applied using same antennas as Figure 1.

3. System Simulation Assumptions

The performance of this scheme has been evaluated by simulation. The general simulation assumptions in all cases are as follows:
	Parameter
	Value

	Carrier frequency

	2GHz

	Fast fading model
	SCM

	Scenario
	Urban micro

	Path loss exponent

	4

	Standard Deviation of the shadowing
	8dB

	Number of eNodeB sites

	19 (1site for traffic, 18 sites for interference modelling)

	Inter-site distance

	2km

	Transmit power at the eNodeB

	43dBm

	Number of cells per eNodeB
	3

	Number of antennas per cell
(sector)
	1 or 2

	3dB beamwidth of each transmit antenna at the eNodeB
	70 degrees

	Front-to-back ratio at the eNodeB
	20dB

	Thermal noise

	-174dBm/Hz

	System bandwidth
	24 resource blocks

	Total number of subframes

	100

	Total number of UEs

	100

	Number of Rx antennas at UE
	1

	Channel estimation at UE
	Ideal

	UE speed
	3km/h

	Scheduler
 
	Proportional fair


We consider two modes of operation (studied with two slightly different simulation models):

Mode 1 uses co-operative beamforming, using zero-forcing beamforming. Resource allocation in the frequency domain uses a granularity of 1RB with frequency domain scheduling. UE feedback for PMI is based on channel vector quantisation with a 4-bit precoding code-book, and CQI feedback has a granularity of 1dB. 

Mode 2 uses co-operation between cells but without beamforming. Each co-operating cell transmits identical data, assuming an Alamouti-type transmit diversity scheme. A flat fading channel with no frequency domain scheduling and ideal knowledge of wideband CQI at the eNB are assumed.
4. Simulation Results
Mode 1

Figure 3 shows the CDF of the average throughput achieved for each user over the simulation duration using one transmit antenna per cell (i.e. 3 per site), comparing the conventional case without inter-cell co-operation with inter-cell co-operative beamforming based on zero-forcing.
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Figure 3: CDF of average throughput per user, Tx=1
Figure 4 shows comparable results for the case of two transmit antennas per cell (i.e. 6 per site). Here the comparison is between the conventional case without inter-cell co-operation (with closed-loop precoding using zero-forcing beamforming within each cell, in MU-MIMO mode), and co-operative beamforming based on zero-forcing.
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Figure 4: CDF of average throughput per user, Tx=2

Although some practical implementation losses have not been modelled at this stage (for example ideal channel estimation has been assumed) it is clear that co-operative beamforming has the potential to significantly increase user throughputs, even in the case when beamforming is already used within each cell.    

Mode 2

Figure 5 shows the CDF of the total throughput per site achieved over the simulation duration using one transmit antenna per cell, comparing the conventional case without inter-cell co-operation, and co-operative transmission based on Alamouti-type transmit diversity.

Figure 6 shows similar results using two transmit antennas per cell, with beamforming applied within each cell and transmit diversity between co-operating cells. 
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Figure 5: CDF of total throughput per site, Tx=1
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Figure 6: CDF of total throughput per site, Tx=2
5. Conclusions
From the above discussion and simulation results, we conclude that cooperative transmission is potentially beneficial when applied between cells on the same physical site. This case is of particular interest as it does not imply a need for any inter-eNB communication.  
The throughput benefits of such co-operative transmission schemes are shown to worthwhile regardless of the details of the implementation scheme. Useful improvements in system throughput are shown to be achievable for a couple of rather different co-operation schemes, namely beamforming and MBSFN-like transmission. 

A minor change to TR36.814 is proposed to ensure that these scenarios fall within the scope of the LTE-A study.
6. Text proposal
-----------------------------------Start of text proposal-------------------------------------
8.1
Downlink coordinated multi-point transmission

Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically-separated or directionally-distinct transmission points. Examples of coordinated transmission schemes include
-----------------------------------End of text proposal-------------------------------------
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