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Introduction

The following section provides a text proposal for TR36-814 on DL CoMP feedback mechanisms put forth in the ad-hoc session for CoMP in RAN1#57 (R1-092272). 
-------------------------- Start of TP --------------------------
8
Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.

8.1
Downlink coordinated multi-point transmission

8.1.1
Terminology and definitions 
Downlink coordinated multi-point transmission implies dynamic coordination among multiple geographically separated transmission points. 
General terminology:

· Serving cell: Cell transmitting PDCCH assignments (a single cell). This is the serving cell of Rel-8 (concept that already exists)

CoMP categories:

· Joint Processing (JP): data is available at each point in CoMP cooperating set (definition below)

· Joint Transmission: PDSCH transmission from multiple points (part of or entire CoMP cooperating set) at a time 

· Dynamic cell selection: PDSCH transmission from one point at a time (within CoMP cooperating set)  

· Coordinated Scheduling/Beamforming (CS/CB): data is only available at serving cell (data transmission from that point) but user scheduling/beamforming decisions are made with coordination among cells corresponding to the CoMP cooperating set.

CoMP sets: 

· CoMP cooperating set
· Set of (geographically separated) points directly or indirectly participating in PDSCH transmission to UE. Note that this set may or need not be transparent to the UE. 

· CoMP transmission point(s): point or set of points actively transmitting PDSCH to UE

· CoMP transmission point(s) is a subset of the CoMP cooperating set

· For Joint transmission, the CoMP transmission points are the points in the CoMP cooperating set 

· For Dynamic cell selection, a single point is the transmission point at every subframe. This transmission point can change dynamically within the CoMP cooperating set.  

· For Coordinated scheduling/beamforming, the CoMP transmission point corresponds to  the “serving cell”

· CoMP measurement set: set of cells about which channel state/statistical information related to their link to the UE is reported as discussed in section 8.1.3
· The CoMP measurement set may be the same as the CoMP cooperating set

· The actual UE reports may down-select cells for which actual feedback information is transmitted (reported cells)
In addition, we have: 

RRM measurement set: in support of RRM measurements (already in Rel-8) and therefore not CoMP specific
8.1.2
Radio-interface specification areas

Downlink coordinated multi-point transmission should include the possibility of coordination between different cells. From a radio-interface perspective, there is no difference from the UE perspective if the cells belong to the same eNodeB or different eNodeBs. If inter-eNodeB coordination is supported, information needs to be signaled between eNodeBs.

Potential impact on the radio-interface specifications is foreseen in mainly three areas:

· Feedback and measurement mechanisms from the UE

· Reporting of dynamic channel conditions between the multiple transmission points and the UE

· For TDD, channel reciprocity may be exploited

· Reporting to facilitate the decision on the set of participating transmission points

· For TDD, channel reciprocity may be exploited

· Preprocessing schemes

· Joint processing prior to transmission of the signal over the multiple transmission points

· Downlink control signaling to support the transmission scheme

· Reference signal design

· Depending on the transmission scheme, specification of additional reference signals may be required.

8.1.3
Feedback in support of DL CoMP

The three main categories of CoMP feedback mechanisms have been identified to be: 

· Explicit channel state/statistical information feedback

· Channel as observed by the receiver, without assuming any transmission or receiver processing

· 
· Implicit channel state/statistical information feedback

· feedback mechanisms that use hypotheses of different transmission and/or reception processing, e.g., CQI/PMI/RI 
· UE transmission of SRS can be used for CSI estimation at eNB exploiting channel reciprocity. 

Look at these types of feedback mechanisms for the evaluations. UL overhead (number of bits) associated with each specific feedback mechanism needs to be identified. The feedback overhead (UL) vs, DL performance tradeoff should be assessed with the goal to target minimum overhead for a given performance.

UE CoMP feedback reports target the serving cell (on UL resources from serving cell) as baseline when X2 interface is available and is adequate for CoMP operation in terms of latency and capacity. In this case, the reception of UE reports at cells other than the serving cell is a network implementation choice. 

The feedback reporting for cases with X2 interface not available or not adequate (latency and capacity), and for cases where feedback reports to the serving cell causes large interference (e.g., in heteronegenous deployment scenarios) for CoMP operation needs to be discussed and, if found needed, a solution needs to be identified. 

Do not have to confine the CoMP studies to payload sizes currently supported by PUCCH operation..
Two possibilities should be studied the “container” of the DL CoMP feedback:

· Expand the supported PUCCH payload sizes

· Use periodic/a-periodic reports on PUSCH

8.1.3.1
Explicit Feedback in support of DL CoMP

This section lists different forms of explicit feedback in support of DL CoMP. They are all characterized by having a channel part and a noise-and-interference part. 
Channel part:

· For each cell in the UE’s measurement set that is reported in a given subframe, one or several channel properties are reported  

· Channel properties include (but are not limited to) the following (‘i‘ is the cell index):

· Channel matrix (Hi) – short term (instantaneous)
· The full matrix Hi, or

· main eigen component(s) of Hi
· Transmit channel covariance (Ri), where Ri = (sum{Hij†Hij})/J, j=0,1,2,…,J-1, (‘j’ is span over time or frequency)
· The full matrix Ri, or
· main eigen component(s) of Ri
· Inter-cell channel properties may also be reported
· 
Noise-and interference part, e.g.,

· Interference outside the 

· cells reported by the UE

· CoMP transmission points

· Total receive power (Io) or total received signal covariance matrix
· Covariance matrix of the noise-and-interference
· the full matrix, or

· main eigen component(s) 
8.1.3.2
Implicit Feedback in support of DL CoMP
This section lists different forms of implicit feedback in support of DL CoMP.
· There are hypotheses at the UE and the feedback is based on one or a combination of two or more of the following, e.g.:

· Single vs. Multi user MIMO

· Single cell vs. Coordinated transmission 

· Within coordinated transmission: Single point (CB/CS) vs. multi-point (JP) transmission

Within Joint processing CoMP:

· Subsets of transmission points or subsets of reported cells (Joint Transmission)

· CoMP transmission point(s) (Dynamic Cell Selection)

·  Transmit precoder  (i.e. tx weights) 

· JP: multiple single-cell or multi-cell PMI capturing coherent or non-coherent channel across reported cells

· CB/CS: Single-cell or multiple single-cell PMIs capturing channel from the reported cell(s) to the UE

· Transmit precoder based on or derived from the PMI weight
· Other types of feedbacks, e.g. main Multi-cell eigen-component, instead of PMI are being considered
· Receive processing (i.e. rx weights) 
· Interference based on particular tx/rx processing

There may be a need for the UE to convey to the network the hypothesis or hypotheses used (explicit signalling of hypothesis to eNB). And/or, there may be a semi-static hypothesis configuration e.g. grouping of hypotheses (explicit signalling of hypothesis to the UE). And/or, precoded RS may be used to allow UE to generate refined CQI/RI feedback.
8.1.4
Overhead in support of DL CoMP operation

DL CoMP operation overhead is very much related to the DL-RS structure (see section 7.2).

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· There should be no impact from CSI RS transmission on transmission of PBCH/PSS/SSS 

8.2 Uplink coordinated multi-point reception

Coordinated multi-point reception implies reception of the transmitted signal at multiple, geographically separated points. Uplink coordinated multi-point reception is expected to have very limited, impact on the RAN1 specifications. Scheduling decisions can be coordinated among cells to control interference and may have some RAN1 specification impact. (Editors note: This can be refined as for the downlink section)

The need for extended CP operation in certain UL subframes should be further investigated.
-------------------------- End of TP --------------------------
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