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1 Introduction
Coordinated Multi-point transmission/reception (CoMP) is regarded as a promising LTE-Advanced features to improve the cell average Spectral Efficiency (SE) as well as the cell edge performance. Many companies have provided simulation results for different CoMP schemes, such as CBS (Coordinated beam switching), CBF (Coordinated beamforming), JP (Joint processing), with various assumptions and algorithms. 
This contribution provides the evaluation results for several popular CoMP schemes, including CBS, CBF and JP, trying to give a whole picture on the performance gains of different CoMP schemes, which can give some hint on the further research directions in Rel. 10.
2 Evaluated CoMP schemes
Three popular CoMP schemes are evaluated in this contribution, i.e CBS, CBF and JP.
2.1 CBS scheme
In the CBS scheme, each cell will determine its own beam cyclic period/pattern and schedule the UE to its preferred beam(s) in the pre-defined beam position. This is an effective method to alleviate the flashlight effect and it works well especially in heavy loaded system where the interferences from the neighbouring cells are more random and severe. It’s also applicable to a bursty traffic system by a simple scheduling adjustment [1][2].
In the CBS simulations, we implement a SU-MIMO simulation with CQI feedback. The beams are identical to the first 8 elements of the LTE R8 codebook. Furthermore, the beam cycling is done in both time and frequency domain where beam cycle period is the same in each cell. Each cell independently selects the beam cycling pattern based on its user load and user spatial distribution, while maintaining the common cycling period and switching the beam synchronously. To simply the comparison, we use wideband PMI feedback from the UEs to determine the cyclic beams for each cell.
The beam patterns are semi-statically changed and exchanged among the coordinated cells. There is no need to exchange any CSI or data through backhaul. UE will feedback a specific CQI corresponding to the pre-defined beam pattern in the serving cell.
2.2 CBF scheme

In CBF scheme, data is available and transmitted to the UE from serving cell while some cooperation is carried out among multiple cells for interference and/or beam coordination.
In the CBF simulation, we implement both SU-MIMO and MU-MIMO with non-iterative but recursive network-wide coordination. It is assumed that ideal CSI information is available at all the involved coordinating points with some feedback latency. For example, the scheduler will start from cell1; the scheduling for cell2 is based on the scheduling results and transmitting weight of cell1; so on and so forth, the scheduling for current cell is based on the scheduling and transmitting weight for the previous cells. Data is transmitted until all the cells complete their scheduling. 
The network-wide coordination requires CSI/scheduling information exchanged among all the involved coordinating points over the backhaul interface and it also requires all the cells in the network complete scheduling process before data transmission. It is a challenge for backhaul design as well as eNB processing capability. Thus it can be regarded as an upper limit in this case. From a practical implementation point of view, we also provide results of 3-cell CBF coordination for comparison. For detailed discussion on backhaul modelling and practical CoMP scenarios, please refer to [3].
In CBF scheme, UE needs to feedback CQI/CSI corresponding to the significantly interfering cells in the network in network-wide coordination case and to the 3 cells in the other case.
2.3 JP scheme

In the JP scheme, data is available at multiple transmission points and are coherently/non-coherently transmitted to the UE according to the scheduling decision.

In the JP simulation, we implement intra-site Multi-user coherent JP in this contribution. Three co-located sectors forms a fixed CoMP cluster and serve multiple UE simultaneously with coherent precoding vectors. Zero forcing (ZF) algorithm is used for multi-user interference cancellation and each UE is assigned a single rank. The eNB is assumed to have ideal CSI information with 4ms delay.

[image: image16.emf]
Fig.1 Intra-site JP CoMP topology

Since intra-site CoMP doesn’t require any CSI/scheduling decision exchanged by backhaul, the scheduling delay can be ignored and this scenario won’t have a particular capacity/latency requirement on the backhaul design. It’s also applicable to the intra-eNB RRE (Remote radio element) network where multiple RREs are connected to the eNB by fast link, e.g direct fibre. 
In this scheme, the UE needs to feedback CQI/CSI corresponding to the intra-site CoMP cluster.
We summarize the requirements of the above three schemes in the following table. For better comparison, the R8 codebook-based SU-MIMO is also listed as baseline.
	Scheme
	Description
	Feedback
	Backhaul requirement (X2 interface)

	
	
	
	Exchange content
	Exchange frequency

	Baseline
	R8 codebook based SU-MIMO
	CQI/PMI of serving cell
	None
	None

	CBS
	none
	CQI of serving cell
	Beam cyclic period , if any
	Semi-statically

	CBF


	Network coordination CBF
	CQI;

CSI of multiple cells
	CSI of CoMP UE; scheduling decision of the cell
	short-term/

Middle-term

	
	Intra-site CBF
	CQI;

CSI of multiple cells
	None
	None

	JP
	Intra-site MU-MIMO coherent JP
	CQI;
CSI of multiple cells
	None
	None


Table 1. Requirement comparison of different CoMP schemes
From the above table, the feedback/backhaul requirements of different CoMP schemes are:

· CBS requires similar feedback overhead as R8 CQI and very limited and infrequent exchange over X2 interface;
· CBF requires CQI/CSI feedback for multiple cells. Network CBF requires CSI/scheduling information exchanged over backhaul within short/mid-term interval; intra-site CBF has no requirement on the backhaul link.
· JP requires the same feedback as CBF in these evaluations. Besides, there is no requirement on the backhaul link for the intra-eNB JP.
3 Evaluation results

All the evaluations are carried out in 3GPP CASE1 model with R8 codebook-based SU-MIMO as baseline. In CoMP scheme, the transmitter is assumed to have ideal subband feedback with 4ms delay and 10ms feedback period. 
The performance gain of each scheme over R8 baseline is listed in the following table:
	
	Cell edge (5%)

Improvement 
	Cell average

Improvement

	CBS
	8.1%
	10.8%

	CBF SU-MIMO(57 cells)
	23.3%
	7.4%

	CBF SU-MIMO(3 cells)
	10.5%
	3.6%

	CBF MU-MIMO(57 cells)
	25.2%
	31.9%

	CBF MU-MIMO(3 cells)
	14%
	26.3%

	JP MU-MIMO (3 cells)
	34.2%
	55.0%


Table 2. Performance gain over R8 baseline
[image: image2.emf]0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

CBS-SU CBF-SU 

3 cells

CBF-SU 

57 cell

CBF-MU 

3 cells

CBF-MU 

57 cell

Intra-

site JP

MU-

coherent

Cell edge over R8

cell avg over R8


Fig. 2 CoMP Performance gain over R8 
We can infer from the evaluation results that:
· CBS, which provides around 10% gain of both cell edge and cell average throughput gain with barely any requirement on backhaul and feedback overhead, is one of the simplest CoMP schemes.
· CBF can achieve different performance gains, depending on the number of coordinated cells and the scheduling complexity. It has higher flexibility on scheduling than CBS, which makes it easy to be combined with other advanced solutions. However, CBF SU-MIMO, even with too optimistic 57cells recursive scheduler, does not provide attractive gain comparing to CBS-SU. CBF combined with MU-MIMO is more competitive, which can reach 26.3% and 14% gains at cell average and cell-edge throughput with the intra-site coordination. The network coordination CBF (57 cells) provides around 5% cell average and 10% cell edge gain over 3-cell coordination CBF, but have much higher eNB processing capability and backhaul latency requirements. 

· CoMP JP is the most competitive CoMP scheme, which provide a quite significant performance improvement over R8 in both cell edge (34%) and cell average (55%) throughput, and outperform the other CoMP schemes obviously.
4 Conclusion
This contribution compares the performance gain obtained by several popular CoMP schemes, with the same conditions and transmitter/receiver algorithms. It is hoped to give a relatively fair comparison of different schemes and benefit for future research directions.
The evaluated CoMP schemes are CBS, CBF with SU-MIMO and MU-MIMO and different number of coordinated cells, intra-site JP. The conclusions of the evaluation results are:
· CoMP JP is the most competitive CoMP scheme, even only coordinated within one site, which outperforms the other CoMP schemes significantly. The intra-site CoMP JP is feasible in the practical system, without impact on the backhaul link.
· Both CBS and CBF can improve the cell-average and cell-edge UE throughput. 
· CBS is one of the simplest CoMP scheme, which requires similar feedback overhead as R8 CQI and very limited and infrequent exchange over X2 interface.
· CBF MU-MIMO brings 26.3% and 14% gains at cell average and cell-edge throughput respectively with the intra-site coordination, which is also a feasible scheme without any limit of the backhaul link.
· The network CBF (57 cells) provides around 5% cell average and 10% cell edge gain over 3-cell coordination CBF, which can be treated as an upperbound of CBF scheme. The possibility to support network-coordination CBF should be carefully investigated, due to the strict requirements on backhaul/eNB processing capability and marginal performance improvement.
The coming LTE-Advanced feedback design and the transmission mode should support the most competitive CoMP scheme, and try to reach a common solution to support different feasible CoMP schemes to make them applicable to different network deployment scenarios.
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Appendix
Table 3 Simulation Assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	Average 10 UE per cell

Uniform distributed

	Bandwidth
	10MHz

	Duplex mode
	FDD

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(4, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	CQI / ACK/NAK/ feedback delay
	4 ms

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Receiver algorithm
	MMSE

	Control Overhead
	3OFDM symbol for control channel ; 4 CRS ;1DRS for JP

	Frequency scheduling granularity
	5PRB

	Precoding method
	CBS: codebook based precoding, with R8 4Tx codebook

CBF/JP: Non-codebook based precoding

	Channel estimation
	Ideal
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