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1 Introduction
In the RAN1 56bis meeting, the definition of downlink CoMP category is modified that Joint Processing (JP) and Coordinated Scheduling/Beamforming (CS/CB) no longer differs in multiple or single transmission point [1]. Instead, in JP, data is available at multiple points and the data, scheduling and/or channel state information are exchanged among multiple points in the CoMP cooperating set while in CS/CB, scheduling/beamforming decisions are exchanged within the cooperating set and data is only available at serving cell.
It is noticed that the different CoMP schemes may require different amount of overhead, complexity and will provide different level of CoMP performance gain. Many companies have investigated different CoMP categories. In order to obtain an initial concept of CoMP schemes and gain, it’s worthwhile to analyze the overhead of each category and give the corresponding performance gain under the same simulation assumptions. In this contribution, we further divide the downlink CoMP category as:
· Joint Processing (JP)

· Joint Transmission
· Multi-point Single user joint transmission
· Non-coherent Precoding
· Coherent Precoding
· Multi-point Multiple user joint transmission
· Non-coherent Precoding
· Coherent Precoding
· Dynamic cell selection  

· Coordinated Scheduling/Beamforming (CS/CB) 
· Coordinated beam switching (CBS)
· Interference coordination
In the following sections, we compare the feedback requirements and performance gain of each category. It is hoped to provide a starting point of CoMP cost and gain and to provoke further studies on future design.
2 CoMP categories and feedback analysis
2.1 Joint processing
2.1.1 Joint transmission

In joint transmission, data is transmitted from multiple points in the cooperating set at a time. According to the criterion of increased complexity/overhead and performance gain, we further divide into three sub-categories.

· Multi-point Single user joint transmission
· Non-coherent Precoding 
For Multi-point single user non-coherent Precoding, each transmission point has its separate precoding/beamforming operation and feedback signals related to the single UE, and the UE combine the signals from the transmission points as show in Fig1. Thus the combination gain can be obtained from the UE perspective.
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Fig.1 Multi-point Single user joint transmission, Non-coherent Precoding 
In this sub-category, the UE will feedback multiple CQI, CSI/PMI corresponding to the reporting set and this information will not be shared among all the points. In addition, SRS can be used for CSI estimation at eNB exploiting channel reciprocity.
· Coherent Precoding
For Multi-point single user coherent Precoding, data to a single user is jointly precoded among all the transmission points, as shown in Fig 2:
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Fig.2 Multi-point Single user joint transmission, Coherent Precoding
In this scheme, it is desired that the UE reports one jointly selected CQI or multiple separate CQI of the reporting set. As for codebook based precoding, it’s possible for UE to feedback one joint PMI or multiple separate PMI with correction phase factors in the reporting set. While for non-codebook based precoding, the eNB should obtain the multiple CSI respectively to design the precoding vector jointly. Besides explicit feedback, SRS can be used for CSI estimation at eNB exploiting channel reciprocity. Different from the previous section, CSI needs to be shared.
· Multi-point Multiple user joint transmission
· Non-coherent Precoding 
In this scheme, carefully matched UEs share the same time-frequency resources and the data from each point is precoded respectively as shown in Fig.3. The requirements of feedback signals would not be different from multi-point single user joint transmission with non-coherent precoding case which is multiple CQI, CSI/PMI corresponding to the reporting set.
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Fig.3 Multi-point Multi user joint transmission, Non-coherent Precoding
· Coherent Precoding 
Unlike Non-coherent precoding, data to each matched UE are jointly precoded from multiple points as shown in figure 3 in this scheme. And the information to be reported is as that of multi-point single user joint transmission with coherent precoding case.
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Fig.4 Multi-point Multi user joint transmission, Coherent Precoding
2.1.2 Dynamic cell selection
With dynamic cell selection, the scheduling information and data are available at multiple cells but only one point transmits PDSCH to a user at a time. The transmission point changes fast within the cooperating set. This category could be observed as a special case of multi-point single user joint transmission with non-coherent precoding where the transmitting vectors from the other points are zero.  Therefore, the feedback content is the same as in multi-point single user with non-coherent precoding scheme.
2.2 Coordinated scheduling/beamforming
· Coordinated beam switching (CBS)
Coordinated beam switching (CBS) method is a good candidate for coordinated scheduling/beamforming, since it requires minor change to R8 feedback mechanism and moderate backhaul overhead while obtains promising gain to both cell edge and cell average throughput.
Besides the R8 PMI/RI feedback, CBS would require a specific CQI report related to specific subband of a specific subframe [2].
· Interference coordination

Downlink interference coordination aims at applying restrictions to the downlink resource management in a coordinated way among the transmission points. The restricted resources include time/frequency/beam resources, transmission powers, etc. 

In this scheme, the feedback is similar to R8 mechanism and further improvement is possible if better solution would be obtained.
Above all, the feedback requirement of each CoMP category is listed in table1.
	Downlink CoMP category
	Feedback requirements

	Coordinated Scheduling/
Beamforming
	Coordinated beam switching
	1) LTE Rel-8 feedbacks: PMI/RI

2)   A specific CQI report related to specific subband of a specific subframe is needed [2]

	
	Interference coordination
	Similar to R8 feedbacks: CQI/PMI/RI

	Joint Processing (JP)
	Joint Transmission
	SU Non-coherent 
	1) multiple CQI of the reporting set

2) multiple PMI/CSI of the reporting set 

	
	
	SU coherent 
	1) One jointly CQI, or multiple separate CQI of the reporting set
2) For precoding:

i. One jointly PMI or multiple separate PMI with correction phase factors in the reporting set
ii. Multiple CSI of the reporting set

	
	
	MU Non-coherent 
	The same as SU Non-coherent Pre-coding scheme.

	
	
	MU coherent 
	The same as SU coherent Pre-coding scheme.

	
	Dynamic cell selection
	The same as SU Non-coherent Pre-coding scheme. 


Table 1. Feedback requirement in each CoMP category
3 Evaluation of each CoMP category

The initial evaluations about CoMP Multi-point Multiple user joint Pre-coding were presented in [3][4], and [5] [6] give the multi-point single user performance. In order to obtain the different CoMP performance comparison under the same environment, we provide the initial evaluation results for most categories in this contribution.
All the results are evaluated in 3GPP case1 model. We assume perfect network synchronization and CSI knowledge at transmitter. Rank adaptation is adopted.
	Performance gain over Non-CoMP system
	
	Cell edge (5%)

Improvement 
	Cell average

Improvement

	Coordinated Scheduling/Beamforming
	CBS
	8.12%
	10.8%

	Joint Processing (JP)
	SU non-coherent
	11.7%
	1.8%

	
	SU coherent
	16.47%
	2%

	
	MU coherent
	36.47%
	20.5%


Table 2. System performance evaluation for each CoMP category
From the evaluation results and analysis in the previous section, we could find out that in coordinated scheduling/beamforming, CBS could offer considerable gain with moderate backhaul and air-interface overhead. 
In single user joint processing, coherent precoding could provide marginal gain than non-coherent precoding, and neither of them shows significant performance improvement over non-CoMP system. It’s probably that multi-user pre-coding scheme is promising to meet the ITU requirement and provide competitive 3GPP performance over other candidate.
It’s noted that this is a primary evaluation of CoMP overall performance and the gain is expected to increase with more advanced receiver and interference coordination/cancellation algorithm. More investigations are needed in the next step CoMP design.
4 Conclusion
It is noticed that the different CoMP schemes may require different amount of overhead, complexity and will provide different level of CoMP performance improvement. To meet the ITU requirement and to show the 3GPP competitiveness, it’s hoped that candidates in both CS and JP would be evaluated.

In order to obtain a clear concept of CoMP schemes and gain, this contribution analyzes the overhead of each category and gives the corresponding performance gain. It targets as a starting point of overall evaluation to provoke more studies for CoMP future design.
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Appendix A: Simulation Assumption

Table 2 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)
	


	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

JP: Non-codebook based precoding

MU-MIMO: BD is used 














































































