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1 Introduction
As discussed in previous meetings, effective hierarchical structure could be designed to bridge single-cell MIMO and multi-cell MIMO feedback [1]. It is desired that the multi-cell feedback could utilize the single cell feedback as much as possible while keep in mind the trade-off between feedback overhead and the corresponding performance.

This paper proposes two hierarchical feedback schemes to extend single cell feedback. Detailed descriptions and analysis are given. Method2 is used in [3] to show that there is at least one feasible and well-defined CoMP feedback scheme that makes CoMP substantially exceed the LTE-A requirements.
2 Single-Cell Feedback Extension

2.1 R10 single cell MIMO feedback 

Feedback for single cell MIMO is discussed in [2]. Several potential enhancement schemes, i.e. PMI, adaptive codebook and differential codebook, are proposed for single cell SU/MU MIMO in the Rel. 10.
2.2 Hierarchical Feedback Structure 
As an extension from single cell MIMO feedback scheme, the multi-cell MIMO feedback is desired to have the following properties:

· To maximize the commonality of the feedbacks for CoMP (different transmission points) and non-CoMP single cell MIMO feedback, i.e. some CoMP and non-CoMP transmission share the same feedback type/format.

· To consider the possibility to reduce the feedback types/formats for different CoMP schemes. 
Starting from single cell MIMO feedback, two potential hierarchical feedback methods for multi-cell MIMO are depicted in figure 1 based on the above principles 
· Method1: Feedback short term PMI for each of the multiple-cells and inter-cell information W
· Method2: Feedback long term R for each neighbouring cell and short term incremental information W for multi-cell MIMO
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Figure 1 hierarchical feedback structure 
3 Hierarchical Feedback Methods
This section analyzes the two potential feedback methods proposed in section 2.2. 
Assuming that the number of coordinated cells is K, and the channel between these cells and UE is represented by H = [H1, …, Hi, …, HK] where Hi  is a NRX ( NTX  channel matrix between NTX  transmit antennas of cell i and NRX receive antennas of the UE. The transmission stream number is assumed to be L.

We describe a join PMI/CSI matrix 
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We will give more details about the two matrices 
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 in the following.
Method 1:
Multiple PMI would be reported to capture the per cell spatial direction. PMI based implicit feedback scheme has Rel-8 backward compatibility. Depending on specific design, per cell PMI can be selected to optimize CoMP JP/CBF without any complementary inter-cell information. On the other hand, it’s also possible to feedback complementary inter-cell information in order to get higher feedback precision, i.e. W in the Figure 1. So there are two different options in Method 1.
Method 1-1:

UE reports K PMIs, where K is the number of the cells involved in CoMP transmission. The PMIs are selected jointly to optimize CoMP JP/CBF. In this option, no additional feedback overhead is required for coherent join transmission, and no PMI feedback format change is required. Meanwhile, Rel-8 PMI feedback mechanism could be reused but with the scalable feedback overhead which is proportional to the number of the reported cells. 
Take 4-bit 4Tx codebook for an example, the feedback overhead is 4 bits per cell.
The details of this option can be described as the following steps:
Step 1: Serving cell PMI selection: Select and feedback a codeword as P1 from a per cell codebook, assuming that H1 is the channel matrix of the serving cell.
Step 2: Cooperating cell PMI selection: The optimized criteria are different for JP and CBF.

· For JP, the joint PMI can be represented as 
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Where Ii (i=1.., K) is identity matrix. Jointly select and feedback a codeword set as {Pi}(i=2..,K) from the per cell codebook 
In this method, inter-cell cooperation for CoMP JP is achieved through joint PMI selection,.
· For CBF, individually select and feedback a codeword as Pi (i=2.., K) for each cell from the codebook, which is similar to best/worst companion PMI method.
Method 1-2:
UE reports one PMI and the inter-cell information W for each coordinated cell, where PMI is used to capture the per-cell spatial direction and W is used to capture the relationship between different cells. In this method, Rel-8 PMI feedback mechanism could be reused, and the inter-cell information (W) could be selected from a well-designed codebook such as Grassmanian codebook or the other extended codebook. We should note that the codebook for PMI and W might be different. Detailed codebook design is out of the scope of this contribution.
Take 4 TX antennas for an example, assuming that 4-bit codebook is used for PMI, and 4-bit intra cell codebook is used for W, then the feedback overhead will be 4 bits for serving cell and 8 bits for each neighbour cell.

The details of this method can be described as the following steps:
Step 1: Separately select and feedback a codeword as Pi (i=1.., K) for each cell from the codebook for PMI. 
Step 2: Jointly select 
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 (i=2..,K) from the codebook for W. The joint CSI can be represented as 
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Where 
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could be selected from an inter cell codebook for W, or 
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 (i=2..,K) could be selected from an intra cell codebook for W. 
Considering the RSRP difference among different cells, large fading or RSRP of cell i may be introduced to help to generate the joint CSI.
Method 2:
In this method, long term covariance matrix R for each cell and complementary inter-cell information is used to extend feedback scheme from single-cell feedback to multi-cell feedback. The inter-cell information W could be selected from a well-designed codebook such as Grassmanian codebook or the other extended codebook (a codebook example is listed in appendix A). 
Considering that covariance matrix R is long term, the total feedback overhead will be reduced and might remain in a reasonable level. Take 4 TX antennas for an example, assuming that 4-bit codebook is used for serving cell, and 4-bit codebook is used for W, then the short term feedback overhead will be 4 bits for each cell.
Assuming the transmission stream number is 1, the details of this method can be described as the following steps:
Step 1: Individually feedback the wideband covariance matrix Ri in long term, and Ri could be fed back explicitly or by SRS in TDD. From eigenvalue decomposition, we have 
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, where Vi (i=1.., K) is eigenvector of Ri , and D2i  is eigenvalue of Ri . To comprise the feedback overhead, we can only use the largest M (1≤M≤NTX) eigenvalues and relevant eigenvectors.
Step 2: Select serving cell PMI using single cell MIMO feedback scheme, such as adaptive codebook[6] . Assuming that cell 1 is the serving cell, P1 is the codeword for cell 1.
Step 3: Select 
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 (i=2..,K) from the codebook for W. 
The joint CSI can be represented as
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Where 
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 (i=2..,K) from the codebook for W to get the best  
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 according to different principles, such as minimizing chordal distance between 
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 and the first  eigenvector of H,  maximizing the receiving signal power or receiving SINR, etc.
Considering we only use the largest M eigenvalues and relevant eigenvectors of Ri, and only use 1 transmission stream, as results, the size of Vi is NTX (M , the size of 
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An example of method 2 with two coordinate cells is shown in Figure 2.
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Figure 2 hierarchical feedback method 2
4 Simulation results

Take method 2 for example, system-level evaluation is provided in [3]. Some corresponding results for intra-site CoMP JP are list in Table 1. We should note that the CoMP JP in Table 1 only use normal subframe, which is different from the overhead assumption in [3]. The codebook in appendix A is used for neighbour cell short term W, and the adaptive codebook based on R8 4Tx codebook is used for serving cell PMI. The other simulation assumption is listed in appendix B.
Table 1 simulation result for intra-site CoMP JP with ideal feedback and feedback method 2
	
	Cell Average throughput Gain over R8 SU-MIMO
	5% Cell Edge throughput Gain over R8 SU-MIMO

	R8 SU-MIMO
	0%
	0%

	CoMP JP

(with ideal feedback)
	72.0%
	74.6%

	CoMP JP

(with feedback method 2,

4-bit codebook for W)
	61.7%
	50.6%


From the simulation results showing in Table 1, we can see that performance gain of intra-site CoMP JP with feedback method 2 is still very evident. The feedback overhead of method 2 is 4 bits for serving cell and 4 bits for each neighbour cell. So method 2 is at least one feasible and well-defined feedback scheme that could show substantial gain over R8 SU-MIMO in intra-site CoMP scenario with affordable feedback overhead.
5 Conclusion

Starting from single cell MIMO feedback, this contribution discusses how to extend to multi-cell feedback with hierarchical property. It’s desirable that:
· To maximize the commonality of the feedbacks for CoMP (different transmission points) and non-CoMP single cell MIMO feedback, i.e. some CoMP and non-CoMP transmission share the same feedback type/format.
· To consider the possibility to reduce the feedback types/formats for different CoMP schemes.
Two candidate methods are proposed based on the above criterion:
· Method1: Feedback short term PMI for each of the multiple cells with/without inter-cell information W for multi-cell MIMO.
· Method2: Feedback long term R for each neighbouring cell and short term incremental information W for multi-cell MIMO.
There are still potential optimization space for each method, thus both candidates may require further investigation and comparison.
It’s also shown in Table 1 and [3] that method2 is at least one feasible and well-defined CoMP feedback scheme that could show substantial gain in intra-site CoMP scenario with affordable feedback overhead.
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Appendix A

4-bit codebook for multi-cell short term W 

If we only use 1 transmission stream and only use the largest 1 eigen value and relevant eigen vectors of wideband long-term covariance matrix Ri in method 2, the size of 
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 will be 1x1. A potential 4-bit codebook for W can be reprensent as 
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This codebook is the same as 16QAM constellation, and it could be also used as an intra cell codebook for W in method 1-2.    
Appendix B: Simulation Assumptions

Table 2  System models and assumptions for FDD & Case1

	Parameters
	Assumptions

	Scenarios
	3GPP Case1

	Duplex method and bandwidths
	FDD:  10 MHz for downlink

	UE density
	Averagely 10 UEs per cell, UE uniformly distributed over the whole area

	Handover margin
	1.0 dB

	Downlink transmission scheme 
	CoMP JP 

	Downlink scheduler
	PF

	Downlink HARQ scheme
	HARQ-IR

	Downlink receiver type
	MMSE

	link adaptation
	Non-ideal, 

Downlink: type A)

CQI: 4ms delay 10ms period; PUSCH-based feedback, 

CQI measurement error: N(0,1dB) per half-PRB. 

	Short term feedback
	4ms delay, 10ms period; subband 

	Long term feedback 
	100ms period;wideband

	Transmission layer number per UE
	1

	Antenna number of base station
	4

	Antenna number of UE
	2

	Antenna configuration
base station
	c)  Correlated: co-polarized:
0.5 wavelengths between antennas
(illustration for 4 Tx: |||| )



	Antenna configuration  UE
	Vertically-polarized, with 0.5 lambda spacing

	Overhead assumption. 
	DL overhead: 3 symbols for DL CCHs, Antenna Port 0~3 CRS.
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