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1. Introduction

In last RAN 1 meeting, several types of feedback (e.g. explicit/implicit channel state/statistical information feedback) were discussed for DL CoMP. In this contribution, we focus on feedback information related to the coordinated scheduling/beamforming schemes. There are some considerations on UE feedback information and information exchange among eNB in terms of scheduling frequency.
2. Coordinated scheduling/beamforming
One of main concepts for CoMP is ‘coordinated scheduling/beamforming (CS/CB)’ for which multiple eNBs collaborate to mitigate inter-cell interference (ICI). To collaborate among multiple eNBs efficiently, UE needs to measure and report feedback information such as feedback codebook matrix index (CMI) on channel status of CoMP reporting/cooperating set cells to serving cell. The vectors of codebook matrix are composed of precoding vector or quantized effective channel vector. Based on the feedback information from UE, the cooperating cell/eNB can coordinate codebook matrix index/beam pattern semi-statically or dynamically to reduce dominant interference to the concerned UEs. Depending on the coordination rate and channel variation rate, the beam coordination schemes can be regarded as “loose coordination” and “tight coordination”. 
· Loose coordination
Loose coordination means that the information update rate of neighbor coordination is much slow than the channel variation. Therefore, it is preferable to collect statistical information from UEs’ feedback information for beam coordination. The collected statistical information, thereafter, can be exchanged at a low exchange rate with neighboring and cooperating cells and be used for beam coordination in the collaborating cells semi-statically.  
· UE feedback information
For semi-static beam coordination, UE under experiencing severe interference from neighbor cells needs to report interfering beam information such as transmit or feedback PMI. The beam information can be single entity or multiple entities which represent(s) the best CMI(s) with least interference or the worst CMI(s) with largest interference. Note that this information may be independently estimated for the CoMP reporting/cooperating set cells. Before exchanging the collected feedback between eNBs, the reported CMI may be statistically processed at eNB in time, frequency and user domain so that the most efficient beam coordination can be achieved among cooperating cells. 
Considering eNB scheduling operation, the reported CMI for interference avoidance may have “priority” issues so that who’s restricted/recommended CMI is more efficient in terms of interference reduction. To assist this ordering problem, UE may report additional rank information (such as interference level reduction or effective channel quality transition which can be achieved with the reported CMI).

· Information exchange among cell/eNB

After collecting the CMI(s) for beam coordination, serving cell/eNB exchanges the restricted/recommended CMI(s) with the interfering cells, where the rank information is also shared if available. Note that not all the collected CMI(s) may be exchanged due to backhaul overhead by choosing a subset of most efficient CMI(s). For example, if the collected CMI(s) is meant to be used in the cooperating cells, the serving cell investigates which CMI(s) can give the smallest interference to its UEs by comparing the reduced interference levels. After this kind of decision, the serving cell sends the selected CMI(s) and the expected interference benefit (e.g. interference reduction) so that the cooperating cells may decide the usable codebook effectively. Or eNBs can exchange also the scheduling information about the subframe indices which will be used for beam coordination. 
· Tight coordination
Tight coordination means that the information update of neighbor coordination is able to catch up the channel variation. In this case, it is preferable to exchange dynamic channel information seen by UEs for more tightly coupled scheduling and beamforming among the coordinating eNBs.
· UE feedback information
UE first determines its receive beamforming which is tuned according to the UE’s channel to the serving cell. Then, UE feeds back the CMI which corresponds to the quantized version of the channel between the interfering cell(s) and the UE after the receive beamforming. Note that the feedback CMI is described in a form of Nt x R vector where Nt and R denote the number of neighboring cell transmit antennas and the rank of the desired signal from the serving cell, respectively. In the interfering cell side, it can be exploited to tune its transmit beam toward the null direction of the reported CMI, thereby nullifying the interference to the UE which corresponds to the best case of the coordinated beamforming. It is also possible to relax the restriction on the interfering beam selection such that the interfering cell tunes its beam toward the direction having low correlation with the reported CMI.
In addition to the CMI, UE may feedback some more information, the best case and/or the worst case SINR, to report the channel quality and the coordination gain. The best case SINR and the worst case SINR mean the SINR when the interfering beam is orthogonal to the reported CMI and when that is aligned with the reported CMI, respectively. The SINR finally achieved by the coordinated beamforming can be calculated based on the best/worst case SINR and the correlation between the reported CMI and the interfering cell’s beam. Note that the worst case SINR does not need to be reported if the interfering beam is tuned to the null space of the reported CMI.
· Information exchange among cell/eNB

The serving eNB shares the reported CMI to the interfering eNB in order to recommend the interfering eNB to set the transmit beam within the null space of (or the space having low correlation with) that. In the case where the serving eNB wants not to finalize the UE scheduling prior to the information exchange among eNBs but to maintain a plural number of UE candidates, the multiple reported CMIs corresponding to the UE candidates are delivered to the interfering cell, and then the interfering beam is tuned toward the null space of all of those.
3. Conclusion
In this contribution, we discussed UE feedback information and information exchange among eNB for beam coordination. Based on these descriptions, our considerations are followings. 
· Loose coordination
· UE feedback information: restricted/recommended CMI(s), additional information (such as interference level reduction or effective channel quality transition which can be achieved with the reported CMI) 
· Tight coordination
· UE feedback information: CMI on interfering channel(s), additional information on the channel quality (the best case SINR and/or the worst case SINR)
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