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1. Introduction
During 57bis meeting, [2] summarizes companies’ views on feedback issues for DL CoMP. Although some design principles were discussed, there was no agreement and conclusion reached from the extensive choices. In order to have a whole picture of current CoMP discussions, this paper gives an overview of feedback and its relative aspects, including principles of transmission mode, CoMP sets relationships, feedback criteria and long/short term CSI. 
2. Principles for Transmission Mode
In release 8, LTE supports single-antenna and multi-antenna transmission schemes which have been classified to 7 transmission modes. With increase of allowed number of antennas at both eNB and UE sides, more layers 4-8 are supported. In addition, the introduction of CoMP brings different transmission schemes from single cell schemes, such as Coordinated Beamforming (CBF) and Joint Processing (JP) [1]. Before the detailed discussion about feedback and its relationship with transmission schemes in CoMP, the principles for the future transmission modes need a consensus frame. In order to improve the system performance and keep the transmission modes design origins, the basic principle can be:
· Transmission modes shall be switched semi-statically by RRC

· Within one transmission mode, transmission schemes with similar channel state information(CSI) requirements can be switched dynamically
In the recent meetings, various single-cell and multi-cell schemes are proposed to enhance system performance. Dynamic and transparent switch for these schemes can be implemented reasonably thanks to the UE specific demodulation RS applied to almost all transmission schemes in the same mode. However, in order to exhibit technical advantages of different transmission schemes, some explicit control information can be utilized to indicate different transmission schemes. In fact, different transmission schemes may require different information feedback, so as to different processing approaches for the UE. For simplicity, one unified transmission mode can be applicable, but some explicit information bits indication to different transmission schemes is reasonable, as presented [3], in which non-transparent switch of SU/MU beamforming is discussed. From this point of view, complete transparent switch may not be possible. 
· Transmission schemes within one transmission mode may not be transparent from control signaling and feedback point of view

3. Relationship among CoMP sets
Another item that people may consider for feedback design and its relative transmission scheme is how CoMP sets work. Basically, from the current definitions of [1], the direct discussion between feedback and CoMP sets focuses on measurement set and UE down-select report. 
Regarding cooperating set, the relationship between measurement and cooperating set may depend on transmission schemes. For an instance, for coordinated scheduling/beamforming, more cells will be involved to cooperating set for coordination of frequency/time and beam resources even which are not measured or reported by the certain UE. To be exact, cooperating set is decided by network, which should not directly affect measurement set or joint processing points, so as to feedback design. 
Transmission points could be transparent and dynamic to UE thanks to UE specific demodulation RS. For the better performance of JP, the number of transmission points can be set smaller than or the same as measurement set so that all channel information for a certain user transmission can be obtained. Problems with transparent and dynamic transmission points (particularly for JP) should be considered carefully are:
· Performance degradation due to transmission overlaps of data and CRS of neighboring cells
· Impact depends on the acceptable MCS level and density of CRS/CSI-RS
· Latency and backhaul overhead because data needs to be transferred from serving cell to other transmission points through X2 interface in the case of inter-eNB. 

4. Feedback Design Criteria for DL CoMP
In the current specs, feedback modes/types, including aperiodic and periodic, are explicit or implicit informed by RRC signaling. For dynamic scheme switch as discussed in section 2, feedback mode should also be kept common for transmission schemes with similar CSI requirements and it can be changed semi-statically by RRC:
· Feedback mode can be common for different transmission schemes with similar CSI requirements.
Considering more variable feedback content, in term of the PUCCH feedback, the payload size can be extended to support uplink feedback. As well, periodic PUSCH feedback is not excluded to assist the channel information feedback.

5. Long-term and Short-term CSI

As an important feedback content, CSI can be obtained at the base station by explicit CSI feedback or channel reciprocity, e.g. SRS, as stated in [5] for evaluation purpose. Two assumptions were proposed according to different scenarios and considerations: the long-term, wideband, spatial channel information and the short-term and/or narrow band CSI. In order to facilitate the further research, the relative aspects are listed in the below table:
Table 1. CSI feedback in support of CoMP

	
	Long-term
	Short-term

	CoMP Category
	· CBF using AOA, covariance matrix
· CJP using Inter-cell covariance matrix, AOA + inter-cell information
	· CBF and CJP supported


	Corresponding Feedback
	· Obtained by eNB: SRS (both FDD&TDD)
· Reported by UE: Covariance matrix (FDD)
	· Obtained by eNB: SRS (TDD)
·  Reported by UE: Full matrix feedback  etc.

	Performance Expected
	· Performance acceptable
· Limited feedback amount
	· Performance improved
·  Limited feedback amount for SRS

·  Large feedback amount for others


The performance analysis can be referred to [6-7] in detail.

6. Conclusions
In this contribution, feedback and its relative issues’ design criteria are discussed. Main proposals are summarized as following:

Transmission mode:

· Transmission modes shall be switched semi-statically by RRC

· Within one transmission mode, transmission schemes with similar CSI requirements can be switched dynamically
· Transmission schemes within one transmission mode may not be transparent from control signaling and feedback point of view

Relationship among CoMP sets

· Cooperating set is decided by network, which should not directly affect measurement set or joint processing points, so as to feedback design.

· Transmission points could be transparent and dynamic to UE thanks to UE specific demodulation RS. But problems with transparent and dynamic transmission points (particularly for JP) should be considered carefully.

Feedback mode:
· Feedback mode can be common for different transmission schemes with similar CSI requirements
· PUCCH payload size can be extended to support more channel information bits feedback.
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