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1 Introduction

Coordinated multi-point transmission and reception (CoMP) is one of the key techniques for LTE-Advanced. In RAN1#56bis meeting, the following CoMP categories have been agreed as [1]
· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time 

· data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.
Many RAN1 contributions have presented system-level performance results for DL CoMP assuming full-buffer traffic [5]-[10]. The CoMP with SU-MIMO joint transmission can achieve around 10~15% gain of cell-edge user throughput and marginal gain on average sector throughput [5][7][10]. Besides full buffer traffic, CoMP gain under light traffic has also been investigated [7]. In case of on-off traffic model [7], it was shown that the cell-edge user throughput can be improved as much as 60~70%.
Besides full-buffer best effort service, it is indicated in Sect. A.2.1.2 of TR36.814 101 [3] that the evaluations with time-varying interference shall be carried out assuming Bursty traffic model. In this contribution, we assume Bursty traffic [3] to evaluate DL CoMP, where Bursty traffic is more similar to real traffic than full buffer model. The achievable CoMP gain assuming 1 antenna at each eNB is shown in terms of cell-edge user throughput and average sector throughput.
2 System Level Simulation Results  

Table 1 shows the major simulation parameters. We assume that 57 cells are connected by the backhaul without delay to investigate the potential gain of CoMP. The CoMP transmission points are selected by using the method in Sect. 2.1. The UE with more than one CoMP transmission points is regarded as a CoMP UE. In this section, we firstly investigate the impact of the Threshold for CoMP transmission point selection on cell-edge user throughput as well as average sector throughput. Next, we evaluate the CoMP gain under Bursty traffic mode. To be noted is that the average sector throughput is defined as the average rate of successfully received packets at UE in each cell during observation time.
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The Poisson-based Bursty traffic model with fixed-size burst [3] is used to evaluate the performance of LTE-Advanced. Referring to [1][11], the inter-arrival time starts after the packet has been delivered and the arrival of bursts is modelled as a Poisson process with arrival rate 
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. In the following, we set 
[image: image3.wmf]2

=

l

 and different fixed size S to evaluate CoMP gain in terms of average sector throughput and cell-edge user throughput. Smaller S results in less traffic load.

As for scheduling, joint scheduling is carried out based on proportional fairness (PF). For each CoMP UE, same RBs are allocated from different CoMP transmission points [5].
Table 1 – Simulation parameters
	Cell Layout
	Hexagonal grid, 19 cell sites, 3 cells/site

	Traffic model
	- Full-buffer traffic;
- Poisson-based Bursty traffic
Fixed traffic size S
Poisson process with arrival rate 
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per sec
(i.e., Average reading time =500ms)

	Selection of CoMP transmission points
	Geometry-based, UE-specific

	Bandwidth(BW)@Carrier freq.
	10MHz @ 2GHz

	RB number (RB size)
	48 (180 kHz/RB)

	Inter-site distance
	Case 1:500m

	Transmit antenna pattern at Node B

(antenna gain)
	3D-antenna, with 70-degree sectored beam (14dBi) downtilt = 15degree, Am=25 dB

	Antenna bore-sight orientation
	[image: image5.emf]

	Backhaul
	No delay

	Distance-dependent path loss
	128.1+37.6log10(r) dB, r in km

	Shadowing standard deviation
	8dB

	Shadowing correlation
	0.5 (inter-site)/1.0(intra-site)

	Penetration loss
	20 dB

	Node B Tx power
	46 dBm

	HARQ
	IR with 8 processes

	Control delay (scheduling AMC)
	4 msec

	Number of UEs in one cell
	10 UEs, uniformly distributed

	Fading channel
	6-ray Typical Urban

	Number of antennas
	1 antenna at eNB

2 antennas at UE

	Vehicle speed
	3.0 km/h

	Scheduling resolution
	RB group (RBG) = 3RBs

	Scheduling algorithm
	Proportional fairness

	Channel estimation and feedback
	No estimation error and ideal feedback

	Joint transmission scheme for CoMP
	SVD

	Maximum number of CoMP transmission points
	Max 2 points


2.1 Transmission point selection
2.1.1 Geometry-based selection

For joint transmission, the CoMP gain comes from the SINR improvement by using coherent or non-coherent combining. The CoMP gain may be limited when CoMP cooperating set is not large enough to include the potential strong received signal for JP. The same RB in each CoMP transmission point is allocated to CoMP UE for coherent combining. 
We use CoMP transmission points according to the UE measured geometry [5]. The geometry is defined as the average signal-to-interference-plus-noise ratio in the presence of shadowing and path loss. For example, the CoMP transmission points are selected as follows:

· The different cells’ geometry of the uth UE is ranked in a descending order as 
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· The serving cell is chosen as the cell with the highest geometry, i.e., 
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· The cell is selected in the uth UE’s CoMP cooperating set when 
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, where Thr is  the predefined relative threshold. In the following, we name Thr as the threshold for transmission point selection.

· In addition, the number of transmission points is no larger than the pre-defined maximum number.
In this way, the selected transmission points are UE-specific. According to our preliminary evaluation results [5], we find that maximum 2 CoMP transmission points are enough to achieve CoMP gain. In the following simulation, we evaluate the impact of the Threshold for transmission point selection on the CoMP gain of cell-edge user throughput as well as average sector throughput under Full buffer traffic model.
2.1.2 Threshold for transmission point selection
In Fig. 1, the average sector throughput and cell-edge user throughput are plotted as a function of Threshold for transmission point selection when maximum number of CoMP transmission points is set equal to 2. As threshold is getting larger, the CoMP gain on cell-edge user throughput increases gradually. However, the average sector throughput decreases. In order to combine the signals from all CoMP transmission points, same RBs are allocated for CoMP UEs. The CoMP gain is achieved at the price of the spectrum resources. As a result, the Non-CoMP UEs, the UEs without CoMP, have less opportunity to be allocated. Considering the tradeoff between cell-edge and average sector throughput, we use Threshold=3dB, where CoMP gain under full buffer is 13.6% improvement on cell-edge user throughput but 5.5% loss on average sector throughput, as an example for evaluation of Bursty traffic.
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(a) Average sector throughput                              (b) Cell-edge user throughput
Fig. 1 Average sector throughput and cell-edge user throughput 
as a function of Threshold for CoMP transmission point selection (Full buffer)
2.2 CoMP gain under Bursty traffic

Figure 2 presents the impact of Bursty traffic on the average sector throughput and cell-edge user throughput. When Burst traffic load is smaller, the number of simultaneously transmitted UEs decreases and there is smaller probability of conflict among different UEs at the same subframe. Therefore, the cell-edge user throughput is higher due to less interference. In addition, since less UEs simultaneously share the same spectrum, the CoMP UEs can be allocated more resource blocks. For Non-CoMP UEs, there are still enough RBs for resource allocation. The CoMP gain on cell-edge user throughput is achieved with less loss of average sector throughput in case of light traffic. From Fig. 2, we can see that when the average sector throughput is around 0.6bps/Hz/cell, the cell-edge user throughput is improved by +51.8% without any loss on average sector throughput.
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Fig. 2 Average sector throughput vs. cell-edge user throughput under Bursty Traffic and Full buffer
3 Conclusion  

In this contribution, we assume Bursty traffic model to evaluate the potential gain of DL CoMP using joint transmission assuming single antenna at each eNB and no backhaul delay among different eNodeBs. The Geometry-based selection of CoMP transmission points is used. According to our preliminary results, we find that the use of CoMP can significantly improve cell-edge user throughput, especially under more realistic traffic model. Assuming Poisson-based Bursty traffic model, the cell-edge user throughput can be improved more than 50% when average sector throughput is around 0.6bpt/Hz/cell.
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