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1 Introduction
During the RAN1 #58 meeting, some agreements on CoMP feedback were achieved as below:
· If new feedback will be needed, strive for scalable feedback for different CoMP categories (CBF and JP) if both CoMP categories were supported.

· Feedback scalability means that a feedback in support of CoMP JP is a superset of a feedback in support of CoMP CBF. 

· A UE feedback in support of a CoMP transmission category is such that it also enables the network to dynamically switch to single-point transmission for this CoMP transmission category

· Individual per-cell feedback is the baseline for schemes that need feedback
· Complementary inter-cell feedback might be needed

· The detailed explicit, implicit or SRS-based feedback designs, if any, are FFS

· Combinations of full or subset of above three are possible
The above consensus shows quite big progress on the common feedback framework for Rel-10. Further work is needed on the detailed design to support CoMP and Single cell MIMO, based on these agreed principles. 
In this contribution, we try to give further discussions on common feedback design for CoMP and single cell MIMO. First, common feedback design is discussed in section 2.1. In section 2.2, Multiple CoMP reporting areas and different feedback type/formats per UE are discussed. Then, Incremental Feedback Contents are analyzed in section 2.3. Feedback Mechanism and Feedback Overhead Reduction Measures are studied in section 2.4. Finally, some conclusions for common feedback design are given in section 3.
2 Discussion on Feedback Principle
Generally speaking, feedback design should target to the most competitive CoMP scheme(s) which is capable to provide significant cell average and cell edge throughput gains with reasonable feedback overhead and certain backhaul requirement.
In [1], we have shown the simulation results of intra-site CoMP MU JP, which provides significant gain in both cell average throughput and cell edge throughput. In [2], even more gains are obtained for CoMP MU JP scheme with some one-hop inter-site coordination. It is obvious that CoMP MU JP scheme can provides the biggest gains among all kinds of CoMP schemes and it should be the most competitive CoMP scheme assuming fast backhaul support or central controller such as in the case of intra-site CoMP.
In the case of limited backhaul support, CBS (Coordinated Beam Switching) [5] and some CBF schemes can then be used to provide significant performance gain. Note that JP and CB/CS can be implemented in the same system as complementary schemes where different levels of cooperation may be obtained from different cells for a UE.
Therefore, in order to support CoMP/non-CoMP schemes that fit to various implementation scenarios, a common feedback design is necessary to reduce the complexity both at the UE and at the eNBs.

2.1 Common Feedback Framework (CFF) for CoMP and non-CoMP transmissions

In [3], we propose to build a Common Feedback Framework (CFF) for CoMP and no-CoMP transmission. Some of the proposed principles of CFF had been accepted during the previous meetings and are given as following:

· Per-cell individual feedback is baseline 
· Incremental information among feedback content for different CoMP schemes 
Besides these agreed principles of CFF, a small number of feedback types/formats for CoMP and Single cell MIMO is also preferred.

In LTE Rel-8, there are 5 feedback types/formats to support downlink SU-MIMO. While new features, such as more advanced MU-MIMO, may be introduced for non-CoMP MIMO in LTE-A, it is reasonable that the Rel-8 MIMO feedback types/formats may be reused with some modifications for non-CoMP MIMO in Rel-10. 
Due to the use of Rel-10 UE-specific DM-RS, the CoMP UE is capable of receive/demodulate PDSCH only associated to a single serving cell. Therefore, it is possible for some CoMP and non-CoMP single cell transmission schemes to share the same feedback mechanism and enable eNB to decide the actual transmission scheme. With this regard, the non-CoMP single cell feedback is just a special case of CoMP feedback when the reporting set shrinks to a single cell.

As an example, feedback for Coordinated Scheduling/Beamforming or SU non-coherent JP is closely related to that of non-CoMP MIMO schemes and can be defined as an extension of that of single cell feedback. Similarly, the feedback for MU JP is closely related to that of non-CoMP MU-MIMO scheme.
Considering that there are already 5 feedback types/formats to support downlink SU-MIMO in LTE Rel-8, while more feedback types/formats might be introduced to support LTE-A features, it is desirable to limit the total number of the feedback types/formats to keep UE complexity in a reasonable low level and permit the flexibility of dynamic switch among multiple transmission schemes of both Non-CoMP and CoMP and in between. This requires the following measures:

· 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.

· The CoMP MIMO feedbacks can be viewed a super set of non-CoMP MIMO feedback, with a per-cell feedback as a baseline, which had been agreed during 58bis meeting. 

· To consider the possibility to reduce the feedback types/formats for non-CoMP MIMO.
2.2 Multiple CoMP reporting areas and different feedback type/formats per UE
CoMP measurement set [4] is defined as the set of cells about which channel state/statistical information related to their link to the UE is reported. The CoMP measurement set may be the same as the CoMP cooperating set. And the actual UE reports may down-select cells for which actual feedback information is transmitted (reported cells).
For cells within the CoMP measurement set for feedback, different levels of cooperating and feedback may be needed with regarding to the overhead and backhaul support. For example, for cells that co-located with the serving cell, intra-site JP may be used while inter-site CB/CS may be used for other cells within the CoMP measurement set. The concept can be further extended to other loose cooperating schemes such as ICIC or FFR. Though the actually cooperation of the transmission from multiple cells may be decided by the serving eNB as an implementation matter, standards should provide mechanism to allow multiple CoMP reporting areas and different feedback type/formats for cells within the CoMP measurement set according to their cooperation levels/schemes to reduce the feedback overhead and ease the information exchange between the eNBs.

2.3 Incremental Feedback Content
As the agreement“Feedback scalability means that a feedback in support of CoMP JP is a superset of a feedback in support of CoMP CBF” implies, incremental feedback content for different CoMP categories (e.g JP, CB/CS, and  single cell MIMO) will provide further flexibility at the eNB. By incremental feedback content, we mean that the feedback content of a higher level cooperation scheme, such as JP, includes the information for a lower level cooperation scheme, such as CBF or single cell MIMO, with additional complementary information. This is from information point of view. Whether the feedback format of JP is exactly that of CBF or single cell MIMO plus some additional terms needs to be investigated, though this could be an attractive feature if it is possible. The incremental feedback content allows the eNB to fall back to simpler cooperation scheme or single cell transmission whenever it sees necessary.
2.4 Feedback Mechanism and Feedback Overhead Reduction Measures
During last meeting, the baseline is agreed to be individual per-cell feedback. Therefore, it is natural to ask what should be feed back per cell. One possible per cell feedback content is the eigen vectors, i.e. V Matrix, which is the right unitary matrix of the SVD decomposition to Channel Matrix H.
One question is then whether per-cell V feedback is enough for CoMP JP. Will per-cell V feedback satisfy the requirements of CoMP JP and ensure similar cell average/cell edge gains comparing to that of per-cell H feedback which is the upper bound for JP performance? 

Performance of per-cell V feedback and per-cell H feedback is compared in Appendix A. From these simulation results, we can see that performance degradation of per-cell V feedback is over 40% in both cell average throughput and cell edge throughput, compared to per-cell H feedback. It is obvious that such significant performance degradation is unacceptable. Therefore, per-cell V feedback is not enough for CoMP JP scheme.

From the above, some supplementary information on top of per-cell eigen vector feedback, e.g. inter-cell channel state information, or some modifications on the per-cell feedback are needed. 

· The former one is also called as hierarchical feedback scheme. This kind of feedback schemes consist of per-cell feedback plus inter-cell feedback had been proposed by a few companies in their previous contributions. 
· The latter one contains more information than the per-cell eigen vector feedback. 
Note that both solutions are capable to realize incremental feedback content and multiple reporting areas per UE among different CoMP schemes. In addition, both schemes requires further measures to reduce the feedback overhead due to multi-cell feedbacks are required for CoMP. Some popular feedback reduction solutions include adaptive feedback and differential feedback. 

· Adaptive feedback with the hybrid feedback structure can be used which includes both long-term and short-term contents. The short-term feedback content is based on long-term statistics. Long-term feedback refers to channel covariance matrix (R matrix). And short-term feedback can be V matrix, U matrix, or others. Simulation results for this kind of long-term plus short-term feedback schemes were given in [1]. From these simulation results, it is shown that the performance degradation of cell average throughput and cell edge throughput from ideal channel feedback is small and acceptable. Therefore, the hybrid feedback schemes with long-term plus Short-term content, are competitive for CoMP and should be studied and evaluated further.

· Differential feedback was studied a lot in many academic papers, which is very effective in the feedback overhead reduction in case of the strong correlation in time and/or frequency domain. One possible differential feedback scheme is described in [6]. In addition, Differential feedback may combine to the hybrid feedback structure to offer more efficient feedbacks.
3 Conclusions
Based on the above discussions, the following feedback framework for DL single cell MIMO and CoMP is proposed:
· Hybrid feedback with long term plus short term content is used to reduce the overhead for per cell feedback.
· Feedback can also be configured to only long term or only short term content.

· Per-cell eigen vector feedback is not enough for CoMP JP. Further investigations are needed on the candidate solutions, i.e. hierarchical feedback scheme or other improved per-cell CSI feedback scheme to bridge feedbacks for single cell MIMO and CoMP. Feedback overhead reduction via adaptive feedback and/or differential feedback should be one focus in the feedback design.
· Incremental feedback content is used to bridge the feedbacks for different CoMP schemes.

· UE should have multiple CoMP reporting areas and different feedback type/formats for different CoMP schemes.
Appendix A – Per-cell V Feedback vs. Per-cell H Feedback
In this appendix, system-level simulation results are provided to compare the performance between per-cell eigen vector (V) feedback and per-cell channel (H) feedback under ITU UMI scenario. Simulation assumptions are given in Table 2, and the comparison of the cell average/cell edge performance between per-cell V feedback and per-cell H feedback are listed in Table 1. In this table, we give the performance degradation of per-cell V feedback, compared with per-cell H feedback. Also, per-cell R8 PMI feedback is listed as the reference.

The algorithms of per-cell H feedback and per-cell V feedback are described in below:

We assume each cell has 
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. Intra-site CoMP JP (three cells located at one site) is simulated JP scheme for comparison. 

· Per-cell H feedback: every UE feedback the whole channel matrix 
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· Per-cell V feedback: every UE feedback three 
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(i=1,2,3), cell i represents the three cells building the intra-site CoMP. As correlated antennas in eNB are used, single-rank is set up for every UE 
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, which is the right unitary matrix of the SVD decomposition to Channel Matrix between cell i and this UE(
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· Per-cell PMI(R8) feedback: Same as per-cell V feedback, but the eigen vector is quantized by the 4tx antenna codebook in Rel-8.
It is noted that the feedback latency (4ms processing delay + 10ms feedback period) is modeled, and no feedback quantization or transmission error for Per-cell H feedback and per-cell V feedback. 
Table 1 – Comparison of cell average throughput and 5% cell edge throughput

for Per-cell V feedback and Per-cell H feedback
	Performance Degradation[%]
	Cell Average throughput 
	5% Cell Edge throughput 

	CoMP (Per Cell H Feedback) 
	0%
	0%

	CoMP (Per Cell V Feedback)
	-40.9%
	-48.5%

	CoMP (Per Cell R8 PMI Feedback)
	-51.9%
	-60.6%
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Figure 1 – Comparison of CDF of user throughput for Per-cell V feedback and Per-cell H feedback

From the simulation results showing in Table 1 and Figure 1, we can see that performance degradation of per-cell V feedback is over 40% in both cell average throughput and cell edge throughput, compared to per-cell H feedback. It is obvious that such significant performance degradation is unacceptable. Therefore, per-cell V feedback is not enough for CoMP JP scheme.

Table 2 – Simulation parameters
	Parameter
	Assumption

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

	Total BS TX power (Ptotal)
	41dBm

	BS antenna gain plus cable loss
	15 dBi for micro

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20dB 

	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 (ITU-UMI)

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

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

	Traffic model
	Full buffer

	CSI / CQI / ACK/NAK feedback delay
	4 ms processing delay with 10ms feedback period

	Scheduler
	Proportional Fair

	Receiver algorithm
	MMSE
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