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1 Introduction
During the RAN1 #57 meeting, long discussions took place to try to reach some common understandings on the feedback for downlink CoMP. However, as shown in [1], the views on the feedback design for downlink CoMP from different companies are far from converging. To avoid diving into the detailed feedback discussion too early, and trying to design the content and mechanism for each CoMP scheme, it is worth to look at the feedback design from a higher point and think about the general direction.

2 CoMP schemes: feedback contents and performance
In TR36.814, the downlink CoMP schemes are categorized as coordinated scheduling/beamforming and joint processing which is further divided into (coherent and non-coherent) joint transmission and dynamic cell selection. It is noticed that the different downlink CoMP schemes may require different amounts of overhead, complexity and will provide different levels of CoMP performance improvement, as given in table 1 from [2].
Table1. Feedback contents for different downlink CoMP schemes

	Downlink CoMP schemes
	Feedback contents

	Coordinated Scheduling/Beamforming (CB/CS)
	Coordinated Beam Switching (CBS) [4]
	1)   LTE Rel-8 feedbacks: PMI/RI

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

	
	Interference coordination
	Similar to Rel-8 feedbacks: CQI/PMI/RI

	Joint Processing (JP)
	Joint Transmission
	SU Non-coherent 
	1)   multiple CQI of the reported cells
2)   multiple PMI/CSI of the reported cells

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

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

	
	
	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 (DCS)
	The same as SU Non-coherent Pre-coding scheme. 


As shown in Table 1 and [2], different CoMP categories (non-CoMP, coordinated beamforming, joint processing) require different level of CSI/data sharing and accordingly, provide different level of overall performance enhancements. For example, with no data sharing and short-term/long-term CSI sharing, coordinated beamforming is expected to provide modest performance enhancements over non-CoMP schemes. On the other hand, with full/partial data sharing and short-term/long-term CSI sharing, joint processing (MU-MIMO) is expected to provide the highest level of performance enhancements over non-CoMP schemes.
3 Feedback design criteria for CoMP schemes

It is well known that different CoMP categories, different transmission schemes provide different level of performance gains, and also have different feedback requirements. Thus some tradeoffs are to be considered in feedback design:

· Balance between feedback overhead and performance gain.
· Balance between category-specific feedback optimization design and dynamic mode/scheme-switching.
In this section, we will discuss several principles for feedback design as the following:
· A unified framework for CoMP (and non-CoMP) feedback is preferred

· A small number of feedback modes/types (but not single mode) for CoMP are preferred.
· Individual per-cell feedback as baseline, some complement joint multi-cell feedback might be needed, while the detailed explicit or implicit feedback design is FFS.
In addition, the standards may only provide specification for feedback content definition so that the eNodeB knows how to use the feedback content and that a set of test may be defined to test whether the UE is following the specifications and achieve the performance requirements. The other things will be just UE implementation issues. As an example, in LTE Rel-8, CQI feedback content includes the reference timing and bandwidth for measurement and the expected FER if eNodeB follows the feedback. In the case of CoMP feedback, the following is important for standards specification:

· Reference timing and bandwidth. Need to specify whether short term or long term channel is reported and the associated measurement period and bandwidth.

· Quantization method. Need to define whether codebook based PMI feedback or main components of certain channel information are reported. How exactly the main components are estimated may be up to implementation. 
3.1 Commonality for CoMP schemes
The categorization of CoMP schemes in 36.814 helps the discussions on the feedback contents for downlink CoMP. However, for various system configurations and implementation considerations, the feasible CoMP scheme could be quite different from those categorized schemes. For example, it could be a variation of one of the categories, a combination of two schemes, or a proprietary scheme that is designed for certain scenario and beyond these categories. Therefore, we should try not to confine to specific CoMP schemes when design the feedback framework and mechanism(s). 

Instead, through designing the feedback framework/mechanism, the signaling content and format, the reference signal, as well as the interface between the eNodeBs, the standards specification may leave space for good implementations while at the same time keep the number of options and signaling/feedback formats as small as possible. That means only a small number of feedback mechanisms should be designed, each of which may support multiple CoMP schemes. For example, as shown in table 1, MU coherent JP CoMP and SU coherent JP CoMP schemes could be supported by the same feedback mechanism.
In addition, the feedback mechanism should also be designed carefully to ensure the performance of the promising CoMP schemes. From the evaluation results in [2], we can see that some potential CoMP schemes, such as CoMP-JP MU-MIMO and CBS scheme [4], could provide significant performance gain.

3.1.1 Commonality for CoMP and non-CoMP Feedback
Feedback for some CoMP schemes, e.g. coordinated scheduling/beamforming, SU non-coherent JP, is closely related to that of non-CoMP MIMO schemes. 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 may be reused with some modifications for non-CoMP MIMO in Rel-10. One issue is that, in LTE Rel-8, there are 5 feedback types to support downlink SU-MIMO, if we do not limit the feedback types/modes for non-CoMP MIMO to a subset of these 5 feedback types, we automatically have at least 5 feedback types/modes for non-CoMP MIMO. Furthermore, CoMP MIMO can be viewed a super set of non-CoMP MIMO. It then becomes even harder to limit the feedback modes for CoMP. Therefore, we should first try to reduce the feedback types/modes for non-CoMP MIMO.
Secondly, it is desirable to maximize the commonality of the feedbacks for CoMP (different transmission points) and non-CoMP MU-MIMO feedback. Therefore, it is possible for eNodeB to switch between CoMP and non-CoMP mode easily for each UE.

3.1.2 Commonality of Feedback for Single User and Multi-User CoMP

As the single user (SU) and multi-user (MU) MIMO for non-CoMP cases, SU- and MU-MIMO may be introduced to CoMP as well. Common feedback design for SU- and MU- MIMO/BF for CoMP JP is desirable.
Since MU- coherent MIMO/BF for CoMP JP could provide significant performance improvement over non-CoMP system as shown in [2] and SU-MIMO is a fallback mode of MU-MIMO, a feedback format/mechanism may be designed for MU-MIMO CoMP and reused for SU-MIMO CoMP.
Principle 1: A unified framework for CoMP (and non-CoMP) feedback is preferred.
Besides the reasons mentioned above, feedback design should enable dynamic switching among multiple CoMP transmission schemes within one or few CoMP categories. It is a reasonable requirement as CoMP transmission schemes should adapt to the channel state and other factors of the system. Therefore the number of feedback modes should be limited in order to facilitate this kind of dynamic switching. 
Moreover, feedback design should permit some overhead reduction optimization for different CoMP categories, in order to make downlink CoMP transmission more attractive. 
Therefore, we can make the following conclusion:
Principle 2: A small number of feedback modes/types (but not single mode) for CoMP are preferred.
3.2 Common format for Explicit and Implicit Feedback

The content of explicit and implicit feedback is generally different. In particular, explicit feedback does not make any assumption on the transmitter processing and the feedback content can be the channel matrix itself, or the short-term/long-term channel covariance matrix. On the other hand, implicit feedback usually holds a certain assumption on the transmitter processing and the feedback content could be the desired precoding matrix. Furthermore, if coherent CoMP JP is to be supported using implicit feedback, it would also be desirable to feedback some extra combining information on how to combine across multiple cells. 

Although the content of explicit and implicit feedback differ from each other, it is possible to represent them via some common format, while control signaling may be used to indicate whether it is an explicit feedback or an implicit feedback.

3.3 Facility for Dynamically selecting the coordinating cells in CoMP Transmission
Dynamic selection of coordinating cells for CoMP transmission should be considered when designing the feedback. Per cell CSI and/or CQI individual feedback is a possible approach. The feedback payload can be tailored to the number of coordinated cells. Moreover, simple and unified feedback format can be used independent of the number of coordinated cells. Of course, other feedback mechanism may be used to facilitate the selecting of coordinating cells. 
On the other hand, feedback design should enable dynamic switching between Non-CoMP transmission and CoMP transmission. From this point, individual per-cell feedback should be supported and treated as baseline.
Principle 3: Individual per-cell feedback as baseline, some complement joint multi-cell feedback might be needed, while the detailed explicit or implicit feedback design is FFS.
4 Conclusion
In this contribution, three design principles for designing the feedback for downlink CoMP are proposed as following:
· Principle 1: A unified framework for CoMP (and non-CoMP) feedback is preferred

· Principle 2: A small number of feedback modes/types (need not be single mode) for CoMP are preferred.
· Principle 3: Individual per-cell feedback as baseline, some complement joint multi-cell feedback might be needed, while the detailed explicit or implicit feedback design is FFS.
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