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1 Introduction

Coordinated multi-point transmission/reception (CoMP) can be used to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput. Downlink CoMP is classified into two types as “Coordinated scheduling and/or beamforming” and “Joint processing/transmission” [1]. In this paper we would discuss the categories of downlink coordinated transmission in detail and analyze the possible feedback signals needed in each category.
2 Downlink CoMP category and feedback
In this section, we further classify the DL CoMP categories on the basis of the two primary types. The purpose is to describe different levels of complexity/overhead and performance gain of DL CoMP. 
2.1 Coordinated scheduling and/or beamforming
In this category, PDSCH signal is instantaneously transmitted from one of the coordinated points and some kinds of coordination schemes among these points are needed. Based on the different coordinated schemes, it can be further divided into three sub-categories.
2.1.1 Interference coordination
Downlink interference coordination aims at applying restrictions to the downlink resource management in a coordinated way among the transmission points. The restricted resources include time-frequency resources, transmission powers, etc. 
In this scheme, the UE should measure its received power and/or interference indication and feedback them to assist the eNB do some interference coordination among the candidate points. For example, we can see that the Relative Narrow band Transmission Power (RNTP) information exchanged by X2-interface are defined in LTE Release 8 to achieve interference coordination.
2.1.2 Coordinated beamforming
The purpose of coordinated beamforming is to manage interference by some means of beam cooperation among points. A coordinated beam switching scheme to solve the flashlight effect was proposed in [2], which requires the transmission points in a coordinated cluster synchronously cycle through a fixed set of selected narrow beams, and the switching can happen in both time and frequency [3]. 

To facilitate the beam coordination in CoMP system and minimize the feedback overhead in coordination schemes, a specific CQI report mechanism related to specific subband of a specific subframe is needed [2].
2.1.3 Fast cell selection
Fast cell selection is to make the UE be served by the most favourable transmission cell. The serving cell could be selected based on the channel variation, resource availability, etc. Besides, fast scheduling is carried out among a coordination cell set.
In this scheme, a relatively fast feedback mechanism is required for fast cell alternation. Therefore, multiple CQI report related to the candidate cells within short time interval may be introduced while the overhead needs further evaluation. Besides, the eNB should select the transmitting cell in a quick manner with obtaining channel state information (CSI) of the candidate cells, i.e. reciprocity in TDD.

Since there are many discussions about the details and category on fast cell selection, more clarification on this scheme is required in RAN1. We classify the fast cell selection in the coordinated scheduling based on the current definition in [1], but we are open to discussions for a commonly accepted concept.
2.2 Joint processing/transmission
In this category, PDSCH signal is simultaneously transmitted from multiple points. According to the criterion of increasing complexity/overhead and performance gain, we divide the different levels of CoMP as follows.
2.2.1 Multi-point macro transmission diversity
For Multi-point macro transmission diversity, the coordinating points each have its separate precoding/beamforming operation and feedback signals. And the UE combine the signals from the coordinating points to obtain the macro-diversity gain. The following Fig1 is an example for this scheme where three points are serving the UE with the macro transmission diversity, and the coordinated points can belong to the same or different eNodeB.
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Fig.1 Multi-point macro transmission diversity
For separate precoding, the UE would feedback multiple CQI related to the coordinating points. In addition, the eNB should obtain the multiple coordinating points CSI/PMI respectively, i.e. reciprocity in TDD.
For separate precoding, the UE has to individually feedback separate CQI, CSI/PMI to the corresponding points and these CQI, CSI/PMI will not be shared among the coordinated points. And in TDD, channel reciprocity may be exploited
2.2.2 Multi-point Single user joint Precoding/Beamforming
In this scheme, data to a single user are jointly Precoded/Beamformed among the coordinating points. It can be explained as the Fig2 show which takes three points single user joint precoding as an example and the coordinated points can belong to the same or different eNodeB.
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Fig.2 Multi-point Single user joint Precoding/Beamforming
For joint precoding/beamforming, it is desired that the UE report one jointly selected CQI, PMI of all the coordinating points. It is also possible to feedback multiple separate CQI related to the coordinating points individually which is shared among the coordination points, and multiple PMI with correction phase factors. The latter option has a higher air-interface overhead and less attractive performance gain. 
Different from the last section, in non-codebook based precoding scheme, the eNB should obtain the coordinating points CSI respectively to design the precoding vector jointly. And the CSI need to be shared among the coordination points.
2.2.3 Multi-point Multi user joint Precoding/Beamforming
In this scheme, carefully paired UEs share the same time-frequency resources and the data from multiple points are jointly precoded/beamformed to serve these UEs simultaneously. For instance, in Fig3 two UEs are sharing the same time-frequency resources whose data are jointly precoded in the two coordinating points.

In this scheme, carefully matched UEs share the same time-frequency resources and the data from multiple points are jointly precoded/beamformed to serve these UEs simultaneously. The matching principle is to get the maximum the throughput or good channel orthogonality among the matched UEs. For instance, in Fig3 two UEs are sharing the same time-frequency resources whose data are jointly precoded in the three coordinating points, and the coordinated points can belong to the same or different eNodeB.
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Fig.3 Multi-point Multi user joint Precoding/Beamforming

In addition to the feedback in section 2.2.2, the downlink interference experienced by the UE is somewhat needed for a more appropriate UE pairing and link adaptation. This interference information is also required to be shared among the multiple coordination points.

In summary, we conclude the downlink CoMP categories and the corresponding feedback in table 1.



Table 1: Feedback analysis in each downlink CoMP category
	Downlink CoMP category
	Feedback

	Coordinated scheduling and/or beamforming
	Interference coordination
	Received power and/or interference indication

	
	Coordinated beamforming
	A specific CQI report related to specific subband of a specific subframe [2].

	
	Fast cell selection
	1) Multiple CQI report related to the candidate cells with short time interval. 
2) CSI information of the candidate cells in a quick manner.（In TDD, channel reciprocity may be exploited)

	 Joint processing/transmission
	Multi-point macro transmission diversity
	1) Multiple CQI related to the coordinating points.
2) The multiple coordinating points CSI/PMI individually. （In TDD, channel reciprocity may be exploited)

	
	Multi-point Single user joint Precoding/Beamforming
	1) One jointly selected CQI, PMI of the coordinating points, or multiple separate CQI, PMI with correction phase factors.
2) The coordinating points CSI respectively in non-codebook based precoding scheme.（In TDD, channel reciprocity may be exploited)

	
	Multi-point Multi user joint Precoding/Beamforming
	1) One jointly selected CQI, PMI of the coordinating points, or multiple separate CQI, PMI with correction phase factors.
2) The coordinating points CSI respectively in non-codebook based precoding scheme.（In TDD, channel reciprocity may be exploited)
3)  Interference experienced by the UE..


3 Conclusions
In this contribution, downlink CoMP categories are divided as: 
· Coordinated scheduling and/or beamforming
· Interference coordination
· Coordinated beamforming
· Fast cell selection
The signification of fast cell selection needs more clarification.
· Joint processing/transmission
· Multi-point macro transmission diversity
· Multi-point Single user joint Precoding/Beamforming
· Multi-point Multi user joint Precoding/Beamforming
Feedback requirement of each category is analyzed. 

It is shown that different category requires different level of feedback mechanism and would obtain different level of downlink CoMP gain.
4 Text proposal
We propose to capture the following text in Section 8.1 of TR 36.814 [1]:
--- Start Text Proposal ---
8.1
Downlink coordinated multi-point transmission
Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. Examples Categories of coordinated transmission schemes include

· Coordinated scheduling and/or beamforming

· Interference coordination
· Coordinated beamforming
· Fast cell selection
In this sub-category, data to a single UE is instantaneously transmitted from one of the transmission points. 
Scheduling decisions are coordinated to control e.g. the interference generated in a set of coordinated cells.

· Joint processing/transmission

· Multi-point macro transmission diversity
· Multi-point Single user joint Precoding/Beamforming
· Multi-point Multi user joint Precoding/Beamforming 
In this sub-category, data to a single UE is simultaneously transmitted from multiple transmission points, e.g. to (coherently or non-coherently) improve the received signal quality and/or cancel actively interference for other UEs.

Different feedback is required in each CoMP category.
--- End Text Proposal ---
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