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1 Introduction

As one of important modes of CoMP, joint processing (JP) can significantly improve both cell average and cell edge performances. To facilitate the joint processing at multiple eNBs, an efficient CSI feedback method is required to keep the promising gain of JP while restrict the overhead in a reasonable level. More specifically, to reduce the feedback overhead, the redundant CSI from JP perspective should be removed at UE before feeding back to eNB. The eNB would then obtain sufficient information for efficient scheduling and/or UE parity with flexible coordinating cell selection. 
In this contribution, the principles of CSI feedback for JP CoMP are discussed and it is propose that:

· CSI used for JP should be reconstructed on a per cell basis.
· Hybrid feedback, i.e. long-term plus short-term feedback, can be an efficient approach for both overhead reduction and quantization accuracy improvement.
In addition, the advantages of this hybrid feedback with both long term and short term CSI are investigated and some primary simulation results are also provided.
2 Feedback principle for CoMP JP
Regarding the CSI feedback design for CoMP, the following principles have been suggested [1]:

· Common framework for feedback(CFF) design in support of CoMP and non-CoMP (SU/MU-MIMO)
· A small number of feedback modes/types (need not be single mode) for CoMP are preferred.
· Individual per-cell feedback as baseline, some complement inter-cell feedback might be needed, while the detailed explicit, implicit or SRS-based feedback design is FFS.
Due to increased beamforming and spatial multiplexing gain, JP can potentially achieve higher both cell average and cell edge SE compared to other CoMP modes, especially MU coherent JP. The corresponding CSI should be obtained at eNodeB by either UL transmission or CSI feedback from UE. In addition to CB/CS scheme, inter-cell information is needed in coherent JP scheme which requires that the feedback for JP is no less than the CB/CS scheme. Although we discuss the JP feedback mechanism in this contribution, we strive for common baseline and as much as common feedback content for different CoMP schemes. 

2.1 Existing Potential Feedback Proposals

In [2-6], several explicit feedback methods or feedback characteristics are proposed.

For all these methods, the contents could be categorized as two types:

· Direct Channel Matrix (H) or it’s eigen components

· Channel Covariance Matrix (R) or it’s eigen components
The feedback granularity could be categorized as two types:

· Long term for time and/or frequency;

· Short term for time and/or frequency;

All these feedback types could be helpful for transmission weight calculation, but the roles of these feedback types are different in CoMP processing.

It’s noted that the proposed criteria could also be applicable to implicit feedback while the performance loss needs to be evaluated due to the finite codebook size.
2.2 Discussion on CoMP JP Feedback
In general, channel coefficient matrix, denoted by H, represents the full CSI. In CoMP, the size of H can be large and it is not practical to feedback instant H. Consequently, the feedback overhead reduction can be addressed from the following aspects:
· Reuse single cell CSI feedback: The channel matrix of JP is a composite of multiple single-cell channel matrices. Depends on the single cell CSI feedback content, the CoMP JP feedback could be either a simple extension of single cell feedback to multiple cells or with some adjustment information in addition to single cell feedback. This principle would enable the maximum common feedback shared by CoMP JP and single cell, which well reduces the additional feedback from CoMP JP point of view. Moreover, this per-cell feedback also enables the coordinating cell selection flexibility.
· Null space: Due to channel correlation, the channel H is only spanned over part of eigenspace, which is called signaling space of H. The remaining is called null space of H. As H’s projection on its null space is zero (or very small), the null space related information in H should be removed. This might be also valid for covariance matrix feedback.
Channel statistics information: CSI in H consists of short term and long term information, which require different feedback periodicities. For example, the spatial channel covariance matrix or its largest Nl eigen-value and corresponding eigen-vectors can represent long term CSI. As channel covariance changes much slower than the channel coefficients [3], it could be fed back infrequently so that the overhead of long term CSI could be very limited. A method of getting DL covariance matrix based on UL transmissions is proposed in [3], this will be helpful to further reduce the long term CSI feedback. 
Based on CoMP characteristics and the above discussions, the following characteristics might be considered for the potential CoMP feedback design:

· CSI used for JP should be reconstructed on a per cell basis.
· Hybrid feedback, i.e. long-term plus short-term feedback, can be an efficient approach for both overhead reduction and quantization accuracy improvement
· Middle/long term Channel statistic information should be efficiently used to reduce the feedback overhead.
· Short term CSI, such as per-cell instantaneous information or inter-cell adjustment, could be used to reconstruct more efficient channel information for multi-cell scheduling, UE parity and interference cancellation.
3 System Simulation Evaluation

Table 1 shows the elementary CoMP JP MU-MIMO performance in different feedback configurations for 3GPP case1 scenario. In our system simulation, various CSI feedback delay, periodicity, quantization level are considered. The long term CSI is fed back with a 1000ms periodicity and wideband, without quantization. The short term CSI feedback periodicity and quantization bits per complex value are compared in the table. The detail simulation parameters are shown in the appendix. 

Table 1 performance comparison in case1
	
	CSI Feedback

Scheme
	Short Term CSI Feedback Interval

[ms]
	Cell Average
Gain Over Baseline
	Cell Edge (5%UE)
Gain Over Baseline

	R8 SU-MIMO
	Codebook 
	5
	0%
	0%

	MU-MIMO CoMP JP
	Ideal
	1
	37.6%
	55.8%

	
	long / short term 4bit quantization
	10
	34.2%
	53.2%

	
	
	20
	29.9%
	49.3%

	
	long / short term 3bit
quantization
	10
	32.7%
	50.0%

	
	
	20
	28.8%
	47.7%

	
	long / short term 2bit
quantization
	10
	28.6%
	45.6%

	
	
	20
	25.8%
	44.3%


Notes: 

1. Long Term CSI used in the simulation means channel covariance matrix R or the eigen-components of R
2. Short term CSI means transformed channel information matrix based on instantaneous channel matrix H and long term CSI.
The initial system simulation results show that with ideal H feedback, the MU coherent JP could provide 37.6% throughput gain in cell average and 55.8% in cell edge, compared with R8 codebook based baseline. The gain decreases with less quantization bits and longer feedback period, as expectation. But as much as 25.8% cell average and 44.3% cell edge gain is obtained with only 2 bit quantization and short term feedback as long as 20ms. This proves that the proposed hybrid feedback scheme has the potential to be robust to the quantization error and feedback delay, which will facilitate to restrict the feedback overhead in a reasonable level.
4 Conclusion

In this contribution, CoMP JP related CSI feedback is discussed based on the principles in [1]. From our analysis, the following feedback principles for JP are suggested:
· CSI used for JP should be reconstructed on a per cell basis.
· Hybrid feedback, i.e. long-term plus short-term feedback, can be an efficient approach for both overhead reduction and quantization accuracy improvement.
Initial simulations results show that the proposed hybrid feedback scheme has the potential to be robust to the quantization error and feedback delay, which will facilitate to restrict the feedback overhead in a reasonable level.
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Appendix
Table 2 Simulation Parameters

	Parameter
	Assumption

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

	Load
	Average 10 UE per sector

	Total BS TX power (Ptotal)
	46dBm

	BS antenna gain plus cable loss
	14 dBi for micro

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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	Channel model
	Spatial Channel Model (SCM)

	antenna configuration type
	c) Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )

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

	Max. layer number per UE
	2 for baseline; 1 for CoMP JP

	Rank adaptation
	Yes

	Traffic model
	Full buffer

	Link to system interface
	Mutual information

	CSI / CQI / ACK/NAK feedback delay
	4 ms

	Scheduler
	Proportional Fair

	HARQ
	HARQ-CC;

8 processes

Maximum 3 transmission times

	Overhead consumptions 
	3 symbols for DL CCHs
Antenna port 0~3 CRSs and antenna port 5 for DRS (only for CoMP)

	Receiver algorithm
	MMSE

	Target BLER
	0.1
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