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1. Introduction
One of objectives shown in [1] is to study beamforming and scheduling coordination (CS/CB) for Rel-13 FD-MIMO on the transmission points for dense deployment scenarios. Coordination of the transmission of the reference signals including uplink SRS (e.g. VCID) might be also useful enhancement to improve the performance in the dense deployment scenario. In this paper, we have presented our preliminary understanding of joint operation of FD-MIMO and CS/CB. 

2. Joint Operation of FD-MIMO and CS/CB
· Non-beamformed CSI-RS based CS/CB
Non-beamformed CSI-RS based CS/CB operation is similar with Rel 11 CoMP where CS/CB, DPB and JT are jointly supported by multiple CSI processes with non-beamformed CSI-RS resources. Rel 13 EBF/FD MIMO has extended the codebook design to support 12 and 16 CSI-RS ports based on similar two-stage codebook frame structure. Therefore, there is no significant difference in terms of CoMP CS/CB operation based on non-beamformed CSI-RS except that the beamforming gain per layer (due to more transmission ports) can be larger and may lead to stronger fluctuation of intra-cell and inter-cell interference. CSI reporting with single subframe measurement restriction applied to CSI-IM in TM10 may be able to cope with such interference fluctuation. 

Observation #1: For non-beamformed CSI-RS based CS/CB, overall operation can be similar with release 11 CoMP and CSI reporting with single subframe measurement restriction can be used as a starting point. 
The overhead may be an issue since a 16 port CSI-RS resource has roughly around 2.6% overhead assuming 5ms transmission periodicity and 120 PDSCH REs per PRB. So three CSI processes with 16 ports has around 7.8% average throughput loss which may be even larger than the gain of CS/CB. The gain of CS/CB in general comes from cell edge UEs. Ongoing discussion of CSI-RS enhancement in the WI of enhanced FD-MIMO may be relevant to this overhead discussion. 
Observation #2: For non-beamformed CSI-RS based FD-MIMO CS/CB, the RS overhead needs to be investigated since CS/CB is generally targeted at the cell edge performance gain. 

· Beamformed CSI-RS based CS/CB
Beamformed CSI-RS based CS/CB operation can be relatively easily supported by extending the concept of CRI. The indication of CRI in release 13 is a wideband indicator updated slowly. It is used as a beam index representing as the best long term beamforming precoder from the UE perspective. With a dense AAS deployment, the network needs to coordinate configurations of long term beams per TP before coordinating short term CSI per beam arising from fast fading channel. Therefore beamformed CSI-RS based CS/CB can be more suitable for a dense AAS deployment, especially with non-ideal backhaul. 

The beamforming precoders (or matrices) embedded within CSI-RS resources (or ports) are designed to be transparent to UEs, for example that both UE1 and UE2 will measure four beams where two beams are from cell 1 and other two beams are from cell 2. Consequently, CRI can be used as the indication of the worst beam if CRI is pointed to a CSI-RS resource associated with neighbouring TPs. The concept is similar with previous discussion like the worst PMI in Release 11. However beamforming precoders used for CSI-RS resources are transparent to the UE so that embedded precoders can be updated by the network during each Class B CSI measurement instance. Therefore through a number of optimization cycles by the network, certain beam coordination can be achieved by beam avoidance, for example beams #1 and #4 will be eventually used to serve UE #1 and UE #2 respectively. Note that the beamforming precoder used for beam #1 during the first measurement instance may not be identical to one during the second measurement instance. Of cause the assumption here is that UE mobility is low enough so that UE association will not be changed during those optimization cycles. 

Observation #3:  Beamformed CSI-RS based CS/CB can be supported efficiently by long term beam avoidance and release 11 CS/CB jointly.  
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Figure 1 Beamformed CSI-RS based CS/CB
Thereafter, the network can continue coordinating (if necessary) fast fading CSI within constrained and tuned beams, for example between beams #1 and #4 with release 11 CS/CB. Alternatively, beams #1 and #4 can be independently (without coordination) used for single cell operation like release 13 EBF/FD MIMO to serve UE1 and UE2 respectively, with further Class A or Class B CSI reporting. The main motivation of beamformed CSI-RS based CS/CB is to push the effort of beam selection and precoder tuning back to the network since the effort of CSI measurement is likely consistent to the UE through the coordination process and hypothetical precoders have been embedded into CSI-RS resources (or ports). Release 11 CS/CB is still applicable here but it can be more important for FD-MIMO based CS/CB to reduce CSI measurement dimensionality and also coordinate beam selection among adjacent AAS TPs.   
Observation #4: Beamformed CSI-RS based CS/CB is more suitable for a dense AAS deployment with non-ideal backhaul. 
The ongoing discussion like hybrid CSI reporting may also be more or less related to CS/CB for FD-MIMO. It is unclear yet how they can be linked each other in terms of CSI reporting. Therefore RAN1 needs to take into account the outcome of Rel 13 FD-MIMO WI, at least from CSI feedback perspective. 
Proposal #1: The study of CS/CB with FD-MIMO needs to take into account the outcome of Rel 13 FD-MIMO WI, if necessary.

3. Conclusions
In this contribution, we present our preliminary understanding of FD-MIMO based CS/CB operation, with following observations and proposals: 
Observation #1: For non-beamformed CSI-RS based CS/CB, overall operation can be similar with release 11 CoMP and CSI reporting with single subframe measurement restriction can be used as a starting point. 

Observation #2: For non-beamformed CSI-RS based FD-MIMO CS/CB, the RS overhead needs to be investigated since CS/CB is generally targeted at the cell edge performance gain. 

Observation #3:  Beamformed CSI-RS based CS/CB can be supported efficiently by long term beam avoidance and release 11 CS/CB jointly.  

Observation #4: Beamformed CSI-RS based CS/CB is more suitable for a dense AAS deployment with non-ideal backhaul. 

Proposal #1: The study of CS/CB with FD-MIMO needs to take into account the outcome of Rel 13 FD-MIMO WI, if necessary.
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