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1. Introduction
In 3GPP RAN#63bis meeting, four CoMP scenarios were identified for evaluation in [1] 
· Scenario 1：Homogeneous network with intra-site CoMP

· Scenario 2：Homogeneous network with high Tx power RRHs 

· Scenario 3：Heterogeneous network with low power RRHs within the macrocell coverage
· Scenario 4：Network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell
And some agreements were reached for scenario prioritization in evaluation [3]:

· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64
In 3GPP RAN1 #64 & #65 meetings, further details of simulation assumption were investigated [2].  At the same time, companies submitted their final simulation results of CoMP scenarios 1 and 2.  It can be observed from phase 1 evaluation [3] that CoMP can offer high performance benefits in homogeneous networks. In 3GPP RAN #66 meeting, simulation results for CoMP scenario3 and 4 also show performance benefits both with full buffer and FTP traffic[14].  
With the support of these evaluation results of CoMP, it is necessary to start considering potential CoMP schemes and corresponding impacts on standardization. In this contribution, we mainly focus on the CoMP feedback issue and gives out our viewpoints on this issue.
2. Feedback mechanism 
In order to help the serving cell determining CoMP sets and obtaining the CSI information for coordinated transmission, CSI information and the corresponding measurement information of multiple points should be fed back by UEs. In contribution [4], the concept of using feedback structure of cell aggregation was proposed based on carrier aggregation defined in Rel-10.  Although the structure matches with multi-cell feedback, additional consideration on the feedback structure should be made particularly for CoMP: 
· In CoMP, all transmission points use the same carrier frequency.  Interference situation can be different by using different coordination schemes.  CSI feedback associated with different interference situations can be considered. 
· For coherent CoMP JT transmission, inter-point phase information can be additional useful information which is not included in Rel-10 feedback.
· In CoMP, the strength of signal coming from serving cell and coordinating cells can vary, and the In order to reduce feedback overhead, feedback accuracy associated with different points can be different.
Based on above analysis, there exists some similarities with feedback for CA but some feedback enhancements should be investigated for CoMP (e.g. for CQI feedback, CSI information between different cells, etc).  Also, we need to evaluate whether the existing aggregation size is appropriate for CoMP.  If the size is further increased, some improvement schemes for resource utilization of CoMP feedback can be considered, e.g., how to do resource division of CSI feedback for different points or adjust the measurement set size more flexibly.
3. CoMP feedback compression
According to the evaluation results submitted by companies in RAN1 #65/#66 meeting, it can be observed that CoMP performance gain can depend on feedback accuracy [12][13]. In general, more performance gain can be achieved with better feedback precision. However, the feedback overhead can be increased greatly with the number of coordination points, especially when CoMP and CA are jointly considered. In [15], following possibilities were considered for this issue:
· Expand the supported PUCCH payload sizes

· Use periodic/aperiodic reports on PUSCH
· Other enhancements.
In following section, we mainly discussed the possibility of introducing the feedback overhead compression mechanism, and also some initial simulation results were provided.
3.1. Implicit feedback compression 
3.1.1. Feedback schemes
Implicit feedback is considered as a more compatible feedback scheme with Rel-8/9/10 MIMO feedback. When multi-cell feedback is considered, it is important to consider feedback compression methods to reduce overall feedback overhead. 

As described in section 2, the signal strength from different points can vary，and the contribution for UE performance enhancements by these points can also be vary. With different strengths, requirement of feedback accuracy can be different. So based on this principle, overhead reduction of coordinating points can be considered, e.g. 
· Only wideband CSI information is feedback to network side for coordination point.

· Reducing CSI quantization level for coordination point.  The quantization level of   PMI/CQI can be reduced. e.g. PMI feedback can be reduced by using codebook sub-sampling or codebook subset restriction on the coordinating points.

· Differential feedback between the serving point and coordinating points can be considered when the signal strengths from different points are similar.
Also, it is preferable to support different CoMP schemes based on the signal strength difference.  For example, it is more appropriate to perform JT when the signal strengths of coordinating points are similar.  On the other hand, CSCB can be considered when the signal strength of a coordinating point is weaker but still strong enough to create significant interference.  With different schemes, requirement of feedback accuracy may also be different.
3.1.2. Initial evaluation 

To evaluate the performance impact with feedback degradation with introduction of coarse CSI feedback for coordinated transmission point, some initial evaluation results were provided as shown in table1 and table 2 based on CoMP scenario2, the baseline feedback is per cell individual sub-band based PMI/CQI feedback.  In this simulation set up, feedback granularity for the serving cell is one sub-band for both of PMI and CQI. For coordinating cells, the following feedback granularities were evaluated, that is:

· Scheme I: sub-band PMI and sub-band CQI, both with granularity of one sub-band;
· Scheme II: wide-band PMI and wide-band CQI;
Table1 shows JT performance comparison for above feedback schemes, and table2 shows CSCB performance comparison for schemeI/II in case cooperation area configured with 21 cells, and takes the performance of single-cell MU-MIMO as baseline. Simulation assumption and parameters are shown in appendix.
Table 1 performance comparison for feedback schemes for JT
	
	Single cell

(subband)
	Scheme I
	Scheme II

	Cell average spectral
(b/s/Hz/Sec)
	2.183

(0%)
	2.176

(-0.32%)
	2.176

(-0.32%)

	Cell edge

(b/s/Hz/Sec)
	0.058

(0%)
	0.067

(15.52%)
	0.0654

(12.76%)


Table 2 performance comparison for feedback schemes for CSCB

	
	Single cell

(subband)
	SchemeI (21 cell)
	SchemeII (21 cell)

	Cell average spectral
(b/s/Hz/Sec)
	2.11

(0%)
	2.10
（-0.5%）
	2.0994
（-0.5%）

	Cell edge

(b/s/Hz/Sec)
	0.0532
(0%)
	0.0624
（17.3%）
	0.0608
(14.3%)


From the results, by reducing the feedback granularity for coordinating cells, the performance loss is marginal. Even with the wide-band feedback for both PMI and CQI, the loss is less than 3% comparing with the result of sub-band feedback.
3.2. Explicit feedback compression 

In Rel-10 DL MIMO discussion，it is decided that explicit feedback mechanism should not be included as candidate feedback schemes. With the introduction of transmission mode based on DMRS in Rel-9/Rel-10, eNB can select any appropriate vectors for precoding.  Explicit feedback gives eNB more flexibility in precoding weight generation and selection. At the same time, it enables more flexible switching among single cell SU/MU transmission and different CoMP schemes.  If significant CoMP gain can be achieved, explicit feedback schemes should not be precluded.  Different explicit feedback schemes have been discussed in [5] - [10]. These schemes include:
· Mapping the elements in H or R to the allocated REs directly [5]. 

· Quantization the elements of H or R directly, e.g. quantize directly to the constellation [7] 
· Using characteristic of channel reciprocity [6]
· Eigenvalue and eigenvectors feedback [9] - [11].
Element wise quantization in H and R can cause high feedback overhead to guarantee the transmission quality. Channel reciprocity can be an efficient way to reduce the feedback overhead but for FDD, the channel reciprocity error between different carriers needs to be carefully evaluated for all scenarios, especially when the downlink carrier and uplink carrier are far separated. For TDD, inter-point antenna calibration needs to be further investigated. Quantization of eigen value and eigen vector feedback can reduce the overhead in some degree but when it is used for CoMP, the overhead may still not be tolerable. Tradeoffs between explicit feedback overhead and the CoMP performance gain should be carefully studied.
Since H and R don’t include noise and interference information, another aspect needs to be considered with explicit feedback is the feedback of these information which can be explicitly fed back e.g. in the form of covariance matrix or implicitly fed back such as CQI.
4. Conclusion 

In this contribution, CSI feedback compression issue is discussed based on the progress of CoMP in Rel-11 and several observations are made:
·  Feedback mechanism in CoMP should have a good compatibility with the feedback mode defined in Rel-10 or earlier releases. Some additional enhancements should be considered in multi-cell feedback structure.
· For implicit feedback，further feedback compression methods can be investigated
· Different feedback accuracy can be considered for different points, e.g. wideband CSI feedback or more coarse quantization level be used for coordination point.
· For explicit feedback, tradeoffs between performance gain and feedback overhead need to be carefully studied and evaluated.
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Appendix 1
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site. 
9 cell sectors in a cluster 

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m(3GPP Case1) 

	Operating bandwidth (BW)
	10 MHz 

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1-  SCME- UMa  (High Spread)

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at eNB (0.5 λ spacing)  
Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  etilt  15 degree, 3D antenna pattern

	CQI/PMI reporting interval and frequency granularity 
	5ms for both server cell and coordinate cell,
6RB/Sub-band

	Feedback scheme
	 For  CoMP UEs, 4bit CQI + 2bit PMI using Rel-8 codebook for 2 antenna ports with phase correction (2bit PCI: phase with π/2 resolution). 
For non-CoMP UEs, Rel-8 RI/CQI/PMI is reported.

	CoMP scheme
	Joint Processing/CSCB

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	Ideal

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation.

Channel estimation error modeling is used 
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